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Abstract The Idahe National Engineering Laboratory and the Naval Civil Engineering
Laboratory (NCEL) participated in an advanced transformer demonstration and validation pro-
gram. The key objectives of the Advanced Transformer Demonstration and Validation Proj-
ect were to verify the operational characteristics of advanced transformer technologies, deter-
mine their applicability to Navy use, and provide NCEL with lessons learned in the installation
of these transformers at an active Navy base.

Ten new transformers were installed on the Naval Air Station (NAS), North Island, CA.
These special advanced technology units replaced polychlorinated biphenyl-filled units in and
around buildings onNAS, North Island. The new transformers included cast coil. amorphous
core. and vacuum pressure impregnated units. This report summarizes the ¢xperiences gained
during the NAS, North Island advanced transformer demonstration and validation project.
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ADVANCED TRANSFORMER DEMONSTRATION AND VALIDATION
* SUMMARY REPORT BASED ON EXPERIENCES
AT NAVAL AIR STATION, NORTH ISLAND
SAN DIEGO, CALIFORNIA

1. INTRODUCTION

The Idaho National Engineering Laboratory (INEL) and the Naval Civil
Engineering Laboratory (NCEL) are cooperatively participating in an advanced
transformer demonstration and validation program. This task is part of a
polychlorinated biphenyl (PCB) Mitigation and Risk Management Assessment
Program being performed at the Naval Air Station, North Island (NASNI) in San
Diego, California. This report details the specific lessons learned during
the NASNI installations to date and addresses the advantages and disadvantages
of these transformers for Navy use.

As a part of this program, eight efficient, low-loss cast coil (CC) dry-
type transformers, one vacuum pressure impregnated (VPI) transformer, and one
low-1oss amorphous core transformer were installed at the NASNI to replace
existing PCB-filled transformers. The specific advantages and disadvantages
of each type of transformer are discussed in the following sections.




2. BASE HISTORY

The electrical distribution system currently in operation at the NASNI
contains several hundred devices, several of which are filled with PCB-
filled/contaminated insulating fluid. The continued use of PCBs as a
electrical device insulating 1liquid was outlawed in late 1977, and the NASNI
is faced with retrofilling or retrofitting the remaining PCB devices
(transformers, capacitors, o0il switches, and oil-filled circuit breakers).

The PCB transformers are installed in locations including pole mounts,
vaults, and various power distribution system locations; many transformers are
located near the ocean. Transformers near the ocean are sensitive
installations because of the hazardous location and the extreme environ. ntal
risks as.ociated with either transformer fires or leaks involving a PCB
liquid-filled device near or over the ocean. Most of the NASNI boundaries are
surrounded by water. The salt laden air is very corrosive to electrical
devices. These criteria were seriously considered during the replacement
process and new transformers were installed that greatly reduced or eliminated
the safety and environmental concerns associated with the older PCB-filled
units.

The INEL supervised the replacement and load consolidation of 13 PCB
transformers with 10 new advanced technology transformers during this portion
of the Mitigation and Risk Management Program. The locations and sizes of
these units are identified in Table 1.




Table 1.

Locations and sizes of transformers installied during the NASNI
Advanced Transformer Demonstration and Validation Project

Building Units Removed® Units Installed® Comments
94 1-500 kVA PCB 1-750 kVA CC 2 for 3 replacement
2-112.5 kVA PCB 1-300 kVvA CC 0il switches removed
342 1-112.5 kVA PCB 1-112.5 kVA CC 1 for 1 replacement
378 1-1000 kVA PCB 1-750/1000 kVA CC 3 for 3 replacement
2-500 kVA PCB 2-500 kVA CC
379 3-167 kVA PCB 1-300 kVA VPI 1 3¢ for 3 1¢ replacement
472 1-1500 kVA P(B 1-1500 kVA CC 1 for 1 replacement
473 1-112.5 kVA PCB 1-112.5 kVA AC 1 for 1 replacement
489 1-1500 kVA PCB 1-1500 kVA CC 1 for 1 replacement
a. PCB = existing PCB-filled unit.
b. CC = cast coil
AC = amorphous core
VPI = vacuum pressure impregnated.




3. PRCJECT SUPPORT AND ADMINISTRATION

The following sections detail several project support tasks and
administrative elements that were completed during this project.

3.1 Specifications

Two transformer specifications (EG&G ES-51333 Rev. B and ES-51334
Rev. B) were written by the INEL. Specification ES-51333 details the
construction and installation requirements for liquid-filled transformers, and
Specification ES-51334 details the construction and installation requirements
for cast coil and VPl transformer: Data sheets and design details for each
transformer installation were incluged in both specifications. This enabled
the INEL engineering team to make device selections that met the particular
facility needs and optimized the research element around which this project
was centered. The specifications required the manufacturer to perform some
nontypical factory testing on the new transformers, field testing on the old
transformers being removed, and field testing on the new transformers being
instalied to support the ongoing advanced transformer evaluation work. The
specifications are included in Appendix A of this report.

Appendix B contains the final acceptance testing reports of the ABB
Service Company 112.5 kVA amorphous core transformer, the National Industri
cast coil transformers, the Square-D 300 kVA VPI transformer, and transformer
schematic drawings.

3.2 Subcontracts

Three subcontracts were awarded during this project. Subcontract No.
£90-132540 was awarded to Square D Company for manufacturer and installation
of one 300 kVA VPl transformer. Subcontract No. C90-132708 was awarded to ABB
Service Company for manufacturer and installation of the nine remaining
transformers. Subcontract No. €90-132830 was awarded to Rollins Chempak for
destruction of the PCB fluid and transformer carcasses. All certificates of
destruction of the PCB fluid and carcasses were issued to the San Diego Public




Works Center (PWC). Appendix C contains operating and maintenance manuals and
product information for the transformers and their supporting instrumentation.

3.3 Field Office

An INEL field office was established as part of the PCB Mitigation and
Risk Management Program before the transformer installations. This office
served as a common point for the manufacturers and their subcontractors to
coordinate activities with both the Navy PWC and the INEL and supported
coordination with other NCEL tasks being performed concurrently at the NASNI.

3.4 Quality Assurance

Quality assurance is a requirement during both the manufacturing process
and installation. The possible consequences of failures caused by poor
quality assurance can easily exceed the cost of a consistent quality assurance
program. The INEL performed a comprehensive field quality assurance
engineering program during the course of this project. The program included
supervision during factory testing, field testing, and installation of the new
transformers. This program verified that these objectives and specifications
of the retrofit program were adequately met.

3.5 Timing and Coordination

The INEL and NCEL were responsible for project and outage coordination
and planning. INEL and NCEL coordination for this project was minimized
because the contractors delivered a turn-key product. Thus, the riggers,
kazardous waste handlers, and installers were coordinated by the prime
contractors (manufacturevs). The Navy PWC and INEL interfaced with the
manufacturers to coordinate the outages and installations.

A majority of this project was conducted during the Persian Gulif Crisis.
This contributed significantly to the amount of planring required to complete
the changeouts without impacting Base operations. The INEL resident engineers
negotiated facility power outages with the Navy PWC and the manufacturers to




minimize the impact to the Base. The INEL resident engineers also arranged
base access and clearance for the manufacturers and their subcontractors.

3.6 Documentation

These installations removed and replaced PCB-filled devices with new
high efficiency, new technology transformers. The PWC has been notified, and
it is recommended that both the records of the PWC and the fire department
should be updated to reflect the removal of PCBs from these locations.

3.7 Security

Security is a major concern on the Navy Base. Compliance with security
measures is mandatory and requires a substantial amount of time. Security on
Base was increased substantially during the Persian Gulf Crisis. Proper
procedures were followed to arrange for access and clearances for those
personnel performing the installations. Advance arrangements reduced delays
and made it easier for contractors to obtain access to the installation sites
on Base.

Some facilities have minimum levels of security while others are tightly
controlled. During this project, all operations went smoothly because of the
preplanning and communication with security personnel and the coordination
with the Naval Air Rework Facilities and PWC personnel.




4. HARDWARE INSTALLATION

4.1 Building 94

The Building 94 installation consisted of removing three existing PCB-
filled transformers (as identified in Table 1) and replacing them with two new
cast coil transformers. The three existing units were removed from
Building 94; they were located on an overhead mezzanine (Pad 2) approximately
35 ft above finished floor. This installation was performed beginning at 1630
hours on September 26, 1990, and concluded at 1630 hours on
September 28, 1990.

Before the outage, the new 750/1000 kVA cast coil dual rated outdoor
unit substation transformer with a new 15 kV primary fused switch was set in
place on a new concrete pad outside of Building 94. The contractor performed
as much electrical work before the outage as the job would allow. This
minimized the outage requirements for the installation.

The 750/1000 kVA transformer has a 2400 V/12000 V reconnectable primary
winding constructed using five sections. The five sections are connected in
series for the 12000 V configuration and in parallel for the 2400 V
configuration. Vertical busses mounted external to the coils are used to make
the series/parallel connections. High voltage taps are provided on the
primary 12000 V configuration only. The unit was installed in the 2400 V
configuration by extending the existing 2400 V feeder from the mezzanine to
the new outside location. The existing 2400 V distribution systems are
currently being upgraded to 12 kV by the Navy. The dual voltage transformers
make the transition from 2400 to 12000 V in the facilities more cost
effective. New secondary switchgear was also installed on this unit
substation to feed the existing loads and the new 300 kVA transformer. The
300 kVA transformer is fed by the 480 V output of the 750/1000 kVA
transformer. The secondary voltage of the 300 kVA unit is 208/120 V and will
be used to feed one existing 208 V panel and one existing 240 V panel. The
INEL addressed the option of providing only 208 V to the 240 V panel with the
San Diego PWC. The PWC stated that all existing 240 V loads would operate
acceptably at the reduced voltage.




This installation presented the coniractor with several unique
difficulties. Most impbrtant]y, the existing PCB-filled transformers were
located approximately 35 ft over an aircraft rework facility. Extreme care
had to be taken to protect the adjacent aircraft and shop equipment from any
physical or environmental damage while removing the hazardous aste (liquid
and solid) and installing the new electrical equipment. In addition, with the
conflict in the Persian Gulf, the operations of this aircraft rework facility
were intensified. This placed added pressure on the construction crew to
minimize outage and installation time. Extensive planning was needed to avoid
problems and outage extensions that would have caused significant impact to
the facilities operations.

In spite of several interim problems that were encountered during this
installation, ABB Service Company was able to react quickly to the directions
of the Navy and the INEL field engineer to successfully complete the task.

4.2 Building 342

The Building 342 installation consisted of removing an existing
112.5 kVA PCB transformer and replacing it with a new 112.5 kVA cast coil unit
substation transformer with a dual voltage primary winding (2400 and
12,000 V). The existing oil fused cutouts were also removed and replaced with
a new 15 kV fused switch. This installation was performed beginning at 0600
hours on December 15, 1991, and concluded at 0600 hours on December 16, 1991.

The new transformer was initially installed in the 2400 V configuration.
The dimensions of the new transformer required that the concrete pad be
extended and the safety fence be modified. The concrete and fence work was
performed after the new transformer was energized. No other problems were
encountered during this installation.

4.3 Building 378

The Building 378 installation consisted of removing three existing PCB
transformers in three different locations (pads 378-1, 378-2, and 378-6);




replacing them with three new cas* coil transformers in two locations; and
consolidating power feeders.

The pad 378-1 installation is located in a vault and consisted of
removing a 1000 kVA PCB transformer and two PCB-filled voltage regulators and
replacing them with a 1000 kVA cast coil transformer and a 500 kVA
transformer. The transformer that was removed had a 2400 V primary and a
208 V secondary. The primary voltage to the vault was upgraded to 12 kV by
tapping into an existing pothead in pad 378-2. The new 1000 kVA cast coil
transformer was constructed as a unit substation with a new 15 kV fused switch
and 480/277 V secondary switchgear. The secondary of the new transformer was
480/277 V grounded wye. The 500 kVA cast coil transformer was installed in
the vault to step down the output of the 1000 kVA unit from 480 to 208 V. The
output of this second unit was connected to the existing 208 V switchgear.

The pad 378-2 installation consisted of removing a 500 kVA PCB
transformer and feeding the panel from the new switchgear on the 1000 kVA
transformer in vault 378-1. No new transfo- :r was installed at pad 378-2. A
Jocal main disconnect breaker was retrofitted to the back of the existing load
panel, and new supports had to be fabricated to support the load panel that
was originally mounted directly to the PCB transformer. This load
consolidation reduced the power losses, reduced the transformer cost, and
provided environmentally safe and efficient power delivery.

The pad 378-6 installation consisted of a direct one-for-one replacement
of a 500 kVA PCB transformer with a new 500 kVA cast coil transformer. The
existing secondary switchgear and primary air interrupter switch were reused.
The new transformer was physically larger than the original unit; thus, the
concrete pad had to be extended. The size increase is common when liquid-
filled transformers are retrofitted with dry-type transformers. During this
installation it was noted that the insulation on the existing conductors
connecting the primary switch to the transformer was in poor condition;
therefore, the conductors were removed and new conductors were installed.

This installation required a great amount of planning. Very little work
could be performed before the outage because of the space limitations in the
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facility. The doorway entering the vault was slightly smaller than the
dimensions of the old transformer that was to be removed. Thus, the
contractor needed to cut one of the termination throats from the transformer.
A significant problem was encountered during this process. The contractor
failed to clean the inside of the throat before using the cutting torch. The
bushings inside the throat had leaked transformer fluid into the throat and
the fluid contained PCBs. The material began to smoke immediately after heat
was applied. The contractor was immediately stopped. The environmental waste
handling crew then cleaned the throat with solvent to remove the PCBs. Once
the throat had been cleaned, the PWC environmental office inspected the throat
and gave the contractor permission to complete the cut, which was completed
without further incident. The existing 2400 V feeder (three conductor lead
sheathed cable) to the old transformer in vault 378-1 could not be removed and
had to be capped and abandoned in placed. The contractor attempted to remove
the cable and could not pull it. The San Diego PWC stated that the cable
should be capped and abandoned in place.

4.4 Building 379

The Building 379 installation consisted of removing three existing
167 kVA PCB-filled, single phase, polemount transformers that were connected
in a three phase bank and replacing them with a single 300 kVA Square D
Company VPI dry-type transformer. This task also involved removing another
PCB-filled transformer from the roof of Building 379. The loads, which were
fed by this transformer, were then alternately fed using another existing
transformer. Ultimately, four PCB transformers were removed from the facility
and replaced with a single modern dry-type transformer. The Square D Company
hired a lTocal subcontractor (Chula Vista Electric) to perform the actual
removal and installation.

The new 300 kVA transformer is uniquely constructed with a dual rated
primary winding. The winding can be connected in a 2400 V or a 12000 V delta
configuration. The new transformer was installed in the 2400 V configuration
using the existing oil filled cutouts.

10




The original installation was very congested. The three 167 kVA
transformers were patked into a very confined space on an overhead wooden
mezzanine with little or no clearance for maintenance personnel. The new
transformer was constructed to slip into the installation without having to
modify the roof support structure. The new installation provides a clean
transformer enclosure design and small size, allowing adequate clearance
around the unit so maintenance can be performed on the unit. Installing this
unit invoived an intricate rigging configuration that had to be well planned.
The installation went smoothly without incident.

4.5 Building 472

This installation is in a corrosive environment. The transformer and
primary and secondary switchgear are located between two stack assemblies.
The moisture and corrosives emanating from the stacks have caused extensive
corrosion to the existina transformer enclosure and the existing primary and
secondary switchgear. task involved removing the existing 1500 kVA PCB-
filled transformer and repiacing it with a new 1500 kVA cast coil ventilated
dry-type transformer with future forced air provisions. Cast coil
transformers are extremely resistant to corrosives and are environmentally
inert; thus, the new transformer could be installed in the same location as
the old unit. New code requirements require a substantially greater distance
between the facility and a standard oil-filled transformer. A new mineral-oil
filled transformer could not have been installed without performing
substantial facility modifications. The high efficiency cast coil dry-type
transformer was installed outside on the exiting pad without any facility
modification. This installation was performed on November 3 and 4, 1990, by
RBB Service Company and their subcontractors.

4.6 Building 473

The installation at this facility was delayed. The specification
detailed the design requirements of the new transformer; however, the
contractor manufactured the new extremely high efficiency amorphous core
transformer with the wrong secondary voltage. A new transformer was
manufactured and was installed on February 22, 1992. Building 473 was a prime
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candidate for an amorphous core transformer. The building was being served by
3 112.5-kVA PCB liquid-filled transformer that was lightly loaded.

The transformer no-load loss (core lToss) remains constant at all levels
of transformer loading. The load loss, however, increases proportionally to
the loading. Under lightly loaded conditions. the no-load loss comprises a
more significant portion of the total losses of a transformer. Building 473
is only occasionally heavily used and typically has minimal loading. The
extremely low no-load loss of the amorphous core transformer will reduce the
power consumption at Building 473 considerably. No probiems were noted during
this final installation.

4.7 Building 489

The original 1500 kVA transformer feeding Building 489 failed and the
replacement was added to this project. Following the failure, the failed unit
was removed and a temporary 3750 kVA unit substation transformer was installed
by the Navy PWC. This unit provided temporary power to the facility until
this permanent replacement was installed. The existing 15 kV class primary
switch had been damaged during the transformer failure but had to be rebuilt
and placed back into service concurrent with installation of a new
transformer.

This installation began with the r-~oval of the 3750 kVA temporary
transformer. The San Diego PWC removed t-e temporary 3750 kVA unit. A new
1500 kVA cast coil transformer was then installed by the ABB Service Company.
The new unit has a 12000 V delta primary and a 480/277 V grounded wye
secondary. The original 15 kV fused switch was rebuilt by the ABB Service
Company <id placed back into service with the new transformer. The ABB
Service Company had not anticipated needing new fuses for the primary switch
and had to obtain them before the new transformer could be energized. No
other problems were identified during this installation.
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5. TYPES OF TRANSFORMER CONSTRUCTION

Cast coil transformers provide an acceptable and preferable alternative
to PCB transformers. They are self-extinguishing and, therefore, offer high
levels of fire safety compared to liquid-filled transformers, they are
efficient, and they perform exceptionally in the corrosive environments common
to Navy installations.

Liquid-filled transformers have been used for severe duty applications
for many years. High fire point insulating liquids allow the use of liquid-
filled transformers in locations where there is a risk of fire. The most
commonly used high fire point liguid is commonly referred to as Askarel and is
primarily comprised of PCBs. Use of PCBs was outlawed in 1977 because of
health problems, primarily caused from the by-products of combustion of these
fluids such as furans and dioxins. Thus, alternative transformer types or
fluids must be used.

The primary alternatives for PCB-filled transformer replacements are
"less flammable" liquid-filled transformers (insulating liquids with a minimum
fire point of 300°C are classified as "less flammable" by UL and Factory
Mutual) and dry-type transformers. The first alternative, "less flammable"
liquid insulated transformers, is a good alternative but will not work in all
locations. For example, certain restrictions or requirements apply when
installing liquid-filled transformers. There are several currently available
"less flammable" transformer insulating liquids. They are typically high
molecular weight hydrocarbons. The second alternative is to use dry-type
transformers. "Less flammable" liquid-filled transformers are not an option
where vault requirements or fire codes restrict their use.

There are two general dry-type transformers to evaluate: standard and
CC. The standard dry-type transformers, open wound and VPI, are not designed
to withstand the stress, use, and physical abuse of a comparable liquid-filled
transformer. Issues such as temperature rise, basic impulse level, and short-
circuit strength are common weakresses of standard dry-type transformers when
compared to liquid-filled transformers. However, cast coil dry-type
transformers perform with ratings equal to or greater than those of comparable
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liquid-filled designs. The following characteristics of liquid-filled and
cast coil dry-type transformers were compared:

. Basic impulse level

. Sound level

. Short time overioad capability

. Weight

. Thermal rating (temperature rise capability)
. Load losses.

In all cases, cast coil transformers met or exceeded liquid-filled
transformer parameters for these characteristics.

5.1 Cast Coil Transformers

Cast coil transformers are dry-type transformers with vacuum cast coil
assemblies. The manufacturers of cast coil transformers use two basic methods
of coil construction. One design uses fiberglass cloth to provide mechanical
support along with a thin layer of epoxy encapsulation. The other design uses
a thick layer of silica-filled epoxy to provide both the dielectric and
mechanical strength.

Cast coil transformers are available with both copper 2nd aluminum
conductors. The aluminum units are somewhat less expensive to manufacture but
typically are larger and less efficient. The design that uses the thin layer
of epoxy requires that the coils must be cast in precision molds (i.e., they
require high quality control). This requirement for precision molds depends
directly on the design of the coils and adds significantly to the mold
fabrication cost. The manufacturers that use precision molds are typically
Jimited to building only the coils for which they have molds, and they
typically cannot build custom units. This is a problem for loss evaluated
units in which a larger amount of conductor is used in the coils to reduce the
resistive losses. The manufacturers that use the thick epoxy have more
flexibility because they can often afford to build a mold or use an existing
mold for a custom transformer if needed.
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These types of transformers are currently available with either copper
or aluminum windings to sizes of approximately 10,000 kVA.

For additional information on cast coil transformers refer to EG&G
reports EGG-2591, February 1990, Cast Coil Transformers Fire Susceptibility
and Reliability Study, and EGG-EE-8652, August 1989, Cast Coil Transformer
Summary Report Based on Experiences at Norfolk Naval Base.

5.2 Vacuum Pressure Impreagnated/Encapsulated Transformers

Vacuum pressure impregnated/encapsulated (VPI/E) transformers are dry-
type transformers with coils that are impregnated (or encapsulated) with a
silicone, polyester, or epoxy resin while under vacuum. The resin is intended
to provide a barrier against moisture, dust, and corrosives and increase
overall coil insulation. The relatively thin resin coating does not provide
added mechanical strength as does the CC. The vacuum pressure encapsulation
process was specifically developed for the Navy to improve impregnation and
moisture resistance of the windings. This enabled the Navy to use high
voltage dry-type transformers aboard ships especially in the high moisture
environment. These types of transformers are currently available with either
copper or aluminum windings to sizes of approximately 10,000 kVA.

5.3 Lliquid Filled/Amorphous Core Transformers

Liquid-filled amorphous core transformers are currently being produced
in industry from 15 to 2500 kVA. These extremely efficient transformers have
a significantly reduced magnetic loss characteristic. The only difference
between the typical and amorphous core liquid-filled transformer is in the
core construction.

Amorphous metals, developed and patented by Allied Corporation under the
trade name of Metglas, are a new class of metallic materials. Unlike other
metals or alloys of metals, amorphous metals do not have grain structure; they
are more charactsristic of glass. When normal metals or alloys cool from the
mclten state, the atoms arrange themselves into an orderly lattice of
crystals. The intercrystalline boundaries play a major role in the hysteresis
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losses experienced by steel when subjected to the alternating current in a
transformer. In the Metglas process, an alloy of iron, boron, and silicon is
cooled at approximately 1 million *C/s. This rapid cooling causes the atoms
to arrange themselves in a random fashion as they do in glass, rather than in
the highly structured crystalline lattices found in metals. The end result of
this process is a material that, used in the core of a transformer, cuts the
no-load losses to about 25 to 40% of the losses of an equivalent silicon-steel

core.

For more information on Amorphous Core Transformers refer to NCEL
Report N-1801, August 1989, 25 kVA Amorphous Metal-Core Transformer
Developmental Test Report, and EGG-EE-8748, June 1991, Retrofill/Retrofit
Study of PCB Electrical Transformers U.S. Navy Public Works Center Pearl

Harbor, Hawaii.
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6. RECOMMENDATIONS AND CONCLUSIONS

.ne San Diego Advanced Transformer Evaluation and Validation Project was
completed successfully. It would be useful to consider these recommendations
for future transformer installation and operation:

. Provide on-line documentation and tracking for the replaced
transformers. This information must be provided to the PWC, the
fire department, and any other organizations who need it so that
their records can be updated to show that the hazardous wastes
(PCBs) have been mitigated.

A previous incider at the Norfolk Naval Base involved a PCB
transformer that had been replaced with a new transformer. The
new unit caught on fire, and the fire department would not enter
the vault to put the fire out because their records listed the
unit at PCB filled. The damage to the unit and vault could have
been reduced substantially if the proper records would have been
updated.

. Install cast coil transformers in environmentally sensitive areas
and areas with high power rates. They also are excellent for use
in facilities that experience cyclical loads where the
transformers are or can be shut down for long periods of time or
when varying loads are experienced.

. Evaluate amorphous core transformers when life-cycle costs
indicate that small increases in purchase price will be recovered
by the reduced lcosses of the transformer.

. Conduct a follow-on study on the VP] transformer installed in
Building 379. The operational data will provide the Navy with
verification of the performance of a VPI transformer in a shore-
based Navy application.
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. Thoroughly investigate the replacement sites for access, floor
space, and other interface requirements that could possibly cause
problems during the installation. Any findings should be pointed
out to the contractors before installation to minimize impact.

. Strictly monitor the installation schedule and coordination with
the PWC. Ensure that all aspects are properly scheduled and that
all needed resources and personnel are available.

. Strictly monitor the contractor to ensure that all areas are
thoroughly cleaned after the installations are compiete and that
all materials and debris are removed from the job site.

The transformer installations illustrate technology evaluation,
operational performance, fire code compliance, and sizing. These types of
transformers each have their specific applications and advantages and serve as
excellent replacements for PCB-filled/contaminated transformers in Navy
a: .iications. Each of the types of transformers demonstrated during this

project will provide the Navy with environmentally safe and efficient power
delivery alternatives to PCB-filled transformers.
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SPECIFICATION
fOR THE PURCHASE AND INSTALLATION OF
LIQUID FILLED TRANSFCRMERS AT THE
SAN DIEGO NAVAL FACILITY

1. SCOPE

1.1 Scope. This specification covers the design, fabrication, testing,
installation, and inspection of new liquid filled, power transformers and
the removal of the existing polychlorinated biphenyl (PCB) filled
transformers, handling of PCB fluid, and obtaining the permits required
for hauling hazardous waste. The intent is to make a turnkey replacement
with advanced technology transformers including any equipment needed to
replace the existing transformers. They will be used to provide the Navy
with performance data on these advanced technology devices.

1.2 Applicability. It is not the intent to specify details of design and
construction except where necessary to establish performance requirements,
nor is it intended to set forth those performance requirements, which are

adequately specified in applicable standards.

A11 components of the transformers shall function in a satisfactory
manner within their rated capacity under the specified service conditions
regardiess of whether all necessary specific performance requirements are
set forth herein or in applicable standards.

2. APPLICABLE DOCUMENTS
The following documents form a part of this specification to the

extent specified herein. The issue of a document and amendments in effect
on the date of publication of this specification shall apply.
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2.2

Amaricar Maticnal

......

Standargd nstitute FINSTY

ANSI-CS57 12.27

ANST-C57 12.80

ANSI-C57 12.90

ANSI-C57 12.91

C2-1989

ANSi-C57-1

£35.1

General Regquirements for Liguid Immersed

Cistribution Power and Regulating Transformers
Requirements for Conformance Liquid Filled
Transformers Used in Unit Instailation including
Unit Substations

Conformed Requirements for Liquid Filled
Transformers Distribution Used in Pad Mounted

Installation, including Unit Substations

Terminology for Power and Distribution
Transformers

Test Code for Liquid Immersed Distribution, Power,
and Regulating Transformers

Test Code for Dry Type Distribution and Power
Transformers

National Electrical Safety Code

Requirements for Instrument Transformers

Specifications for Accident Prevention Signs

American Societv of Testing and Materials (ASTM).

ASTM D 62-78

ASTM D-877

ASTM D-923

Flash and Fire Points by Cleveland Open Cup

Dielectric Breakdown Voltage of Insuiating Liquids

Sampling Eiectrical Insulating Liquids
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2.3

2.4

2.5

f‘

£S-51333
~STM D-574 Sower Factor and Lielectric (Constant
ASTM C-973 Neutralizat‘on Number

ASTM D-133

(V¥ )

Water in Insulating liquid

ASTM D-2225 Methods of Testing Silicone Fluids Used for
Electrical Insulation

ASTM D-3487 Mineral Insulating 0il Used in Electrical
Apparatus
ASTM D-4652 Standard Specification for Silicone Fluid Used for

Electrical Insulation

National Flectric Manufacturers Association {NEMA}.

NEMA TRI-1974 Transformers, Regulators, and Reactors

National Fire Protection Association (NFPA) Publication.

NFPA 70 National Electrical Code
Qthers.
IEEE 400-1980 [EEE Guide for Making High Direct Voltage Tests on

Power Cable Systems in the Field

NEESA 20.2-028a PCB Compliance, Assessment, and Spill Control
Guide

CPNAVINST 5090.1 Environmental and Natural Resources Protection
Manual

29 CFR General Industry Safety and Health Standards
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20 CFR 283 tancards Appiicable to Transporters of Hazardous
Waste

40 CFR 172 Hazardous Materials Tabies and Communications

tangards

49 CFR 173 General Requirements for Shipping and Packaging

40 CFR 781 Polychlorinated Biphenyls (15679)

PWC San Diego Utility Standards

California CAC

Title 22,

Division 4 Environmental Health

MIL-P-2864]1 Primer Coating, Vinyl Chlorine Acetate, Copolymer,
High Build (for steel and masonry)

MIL-Q-9858A Quality Program Requirements

3. TECHNICAL REQUIREMENTS

3.1 General. The transformers shall have low loss metal core and shall

be three pnase, three-winding, fluid-immersed, self-cooled, dead front,

" suitable for installation ir--ors or outdoors, or as specified in the
individual data sheets in Appendix A. They shall have primary and

secondary compartments that shall enclose all termination devices so that

no iive parts are exposed when the transformer is energized. Unit

substation transformer installations are exempt from the dead front ‘ A
requirement. The transformer and instailation shall meet ail applicable ‘
recuirements of the ANSI, ASTM, NEC, and NEMA publications as specified
herein. The transformer shall be of new construction. The successful

hicder shall be responsible for all field modifications and measurements

and provide installation and checkout, and turn the transformer over to

the operations department, PWC San Diego, throuch the EG&G Idaho, Inc.
Resident Engineer ready for operation.
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3.2 flactrical Dredyc+s. A1) materials, appliances, equipment, or

devices shall be new and conform to the applicable stancards of the
Underwriter’s Laboratories, Inc. (UL) and appiicable chapters of the
National Electrical Code (NFPA 70), wnere such standards exist. All
materials. appliances, equipment. or devices shall be listed and/or
labeled by UL, where such standards exist.

3.3 Condition of Products. Except as otherwise indicated, new electrical
products free of defects and harmful deterioration shall be provided at
the time of installation. Each product provided shall be complete with
trim, accessories, finish guards, safety devices, and similar components
specified or recognized as integral parts of the product, or required by

the governing regulations.

3.4 Uniformity. Where multiple units of a product are required for the
electrical work, identical products shall be provided by the same
certified and approved manufacturer without variations except for sizes
and specific variations as indicated.

3.5 Test Point Observation. The successful bidder shall supply EG&G
Idaho with a flow sheet for the manufacture of each transformer indicating
all test points. The successful bidder shall notify EG&G Idaho, in
writing, of the date that each test will be conducted at least 14 days
before that test and will admit EG&G Idaho and government representatives
to witness the tests.

3.6 Performance Requirements. E£ach transformer shall comply with the

following performance requirements as specified in ANSI-CS57 12.00, except
as noted in the data sheets in Appendix A.

Transformer Rating As specif.ed in Appendix A.

Auxiliary Cooling Forced air provisions, fan mounts, and
temperature sensor access points as a
minimum shall be provided for future.
Refer to the data sheets in Appendix A for
special instructions.
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Primary Voltage

Primary Connection

Frequency and Phase

Secondary Voltage

Secondary Ccnnection

Insulating Liquid

5-51233

As specified in Agpencix A. Note special

dua: voltage requirements.

As specified in Appendix A.

60 Hertz, 3 Phase

As specified in Appendix A.

Wye connection with neutral to be brought
out through an insulated bushing with
external ground strap.

The insulating liquid shall be "less
flammable" as defined in the NFPA with
284°C minimum flashpoint and 312°C

minimum firepoint and shall have less than
30 ppm water content per ASTM D-4625. The
1iquid shall be as specified in the data
sheets; however, evaluated options of

"alternatives will be considered if they are

to the best advantage of the U.S.
Government.

Silicone liquid with 300°C minimum
flashpoint and 340°C minimum firepoint
and shall have less than 30 ppm water
content per ASTM D-4652. Askarel and
insulating liquids containing PCBs shall
not be provided.

or

The insulating liquid shall be RTEMP with
284°C minimum flashpoint and 312°C

minimum firepoint and shall have less than
5 ppm water content.
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Insulating Paper

Temperature Rise

Taps - No Load

Insulation Levels
Primary Voltage

Secondary Voltage

Core Material
(General)

£S-51323

There shall be less than 1% moisture by dry
weight in the paper insulatiorn.

55°C per NEMA TRI-1974.

Minimum of five full capacity high voltage
taps (two 2-1/2% taps above and two 2 1/2%
taps beiow normal voltage and tap position
indicators).

95 KV BIL for Insulation Class 15 KV and 75
KV BIL for Insulation Class 5 KV. Based on
specific voltage ratings, which are in the
data sheets in Appendix A.

30 KV BIL for Insulation Class 600 V. For
specific voltage ratings, see the data sheets
in Appendix A.

The core shall be constructed of low loss
silicon steel sheets except where specified
as amorphous. The specific type of low loss
silicon steel is to be determined by the
manufacturer to meet the lowest total
operating costs and optimize no-load losses.
However, the intent of this replacement
program is to install advanced technology
transformers wherever it is economically
feasible. The use of amorphous metal, laser
etched steel, or other advanced technology
core material is encouraged in order to meet
low operating cost criteria.
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Core Material
(Amorghous)

Impedance

No-Loac Loss

£5-31333

The fpllow'ng aprlies to these transformawvs

specified as amgrpheus core. The transfcrmer

shall be constructed of low loss amcrphous
metal. The complete core assembly shall te
fully encapsulated with a protective coating
of approved material to eliminate sharp edges
and prevent flaking particles from entering
the coolant during normal operation. The
no-l1oad losses shall be less than 45% of
those no-load losses of comparable silicon
steel core designs. It is known that a wound
core is standard. However, a few of the
options in the data sheet specifically
require stacked core. This stacked core will
be treated as a research project to get a
"new" technology unit. The other amorphous
core device can be wound (or stacked) at the
manufacturer’s discretion.

As specified in the data sheets in appendix A

" with the following guidelines:

1. The minimum allowable impedance for
transformers 750 KVA and above is 4.0
percent.

2. The minimum allowable impedance for
transformers 500 KVA is 3.5 percent.

3. The tolerance is +/- 7 1/2 % except for
the transformers with dual rated primaries

which shall have an impedance tolerance of

+/- 10 %

The no-load losses (core iosses) shall be
optimized per the evaluation formula provided
in the bid package/Regquest For Proposal

(RFP).
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Load Less The Tcad losses (winding losses) shail be
optimized per the loss evaluation formula
provided in the bid package/RFP.

Sound Level Shall not exceed noise level per NEMA
standards.

3.7 Environmental Conditicns.

Elevat® - 50 feet above sea level
Location Indoor/outdoor (See Appendix A.)
Temperature Range 0°C to 40°C

3.8 Accessories. The transformer shall have the following accessories as
a minimum. The accessories shall be constructed and located as described
in ANSI-C57 12.00.

. £1bow terminators, fuses, load break switches, and tap
changers as called out in Section 3.6, primary connection
section, and per individual data sheets in Appendix A.

. Magnetic liquid level gauge with 25°C level marking.

. Dial type thermometer with alarm contact of sufficient
capacity to control the future fan contactor and an additional
contact for a future utility control system.

. Pressure - both a vacuum bleeder device and a high volume
‘pressure relief device rated at a minimum of 100 SCFM at
15 psi. Additional pressure relief capacity will be required
and installied per UL classification, if RTEMP fluid is used.
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1 'nch NPT boss and plug in tank top situated such that a 1/2
inch fiberglass instrument rcd could be inserted (in the
future by others) into the fluid (straight down) without
contacting any part of the bus or core assembly.

Upper Filler Connection - 1 inch nipple with plug.
Drain Valve - 1 inch globe vaive.

Lower Sampling Valve - min. 3/8 inch at tank bottom (may be
part of drain valve assembly).

Upper Sampling Port - min. 3/8 inch boss in tank wall and
valve (with cap) approximately 1 inch below top fluid level to
allow future diagnostic instrumentation access (by others).

Lifting, moving, and jacking provisions.

Stainless steel/aluminum nameplate with information required
in ANSI-C57 12.00 at two locations: one on the transformer
exterior and one in the secondary cubicle. (note: stainless
steel is preferred)

A junction box shall be located on the transformer nameplate
side and contain a terminal board for all electrical circuits
entering or leaving the junction box. The junction box shall
have a hinged door with a gasket and a handle with provisions
for padlocking. A1l electrical circuits from components
mounted within the transformer shall run to this terminal
board.

An optional top 0il temperature sensing thermocouple shall be
mounted in the prevailing transformer top oil thermal hot
spot. As a minimum, the thermal well housing must be
included, even if the optional top oil temperature sensing
thermocouple is not added. The thermocouple shall be




installed in a thermal well housing that will aliow
maintenénce. This thérmocoupie will provice input to an
electronic temperature monitor. This instrument shall respond
to the top oil temperature and automaticaliy display this
reading. An analog meter shall continuously display the top
0il temperature and indicate the maximum temperature reached
over a period of time. Light emitting diodes are not
acceptable. The highest temperature shall also be used to
initiate alarm and trip functions and is stored for future
recall until the maximum temperature memory is cleared. Fail
safe alarm relay circuits automatically actuate if supply
power has been lost. Maximum temperature can be recalled even
if supply power has been interrupted. A self-test procedure
allows set points to be de*--mined and their operation
verified. Alarm and trip s.t points will be tested from the
front panel. Open thermocouple circuits are detected and .
indicated, but do not affect instrument operation. Manual
control of alarm and test functions shall be provided. All
input and output connections shall be made to the terminal
blocks on the back.of the instrument. The set points of this
thermal device shall be adjustable, and two sets of alarm and

trip contacts shall be provided. The alarm contacts on the
temperature indicator shall be factory wired and brought out
to terminal blocks on the exterior of the tr. former

" enclosure. The terminal blocks shall be mour. 1 in the
Junction box. A thermometer with a remote sensing bulb is not
acceptable. The thermocouple shall be removable without
disconnecting the electrical wiring. The temperature monitor
system shall be graduated ‘n degrees centigrade and shall be
tested at 200°C before installing on the transformer. The
thermally operated device shall be coordinated with the
transformer design and shall be connected and set to function
as follows:

- First stage shall be adjustable and set at 75°C
temperature at which the substation audible bell alarm
can be activated (connected in future by others).
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- Second stage shail e acjustable and set at 100°C
temperature at which the transformer is isolated by
removing the electric load and tripping all the power
circuit breakers via the circuit breakers’ shunt trip
coils (connected in future by others).

3.9 Tank Construction. The tank shall be of welded steel construction

designed to withstand a pressure 25% greater than the maximum operating
pressure and normal working vacuum. The cover shall be provided with
access holes or manholes, 1ifting eyes, and pressure relief. The base
shall permit roliing or skidding with pulling eyes and be equipped with
ground pad.

3.10 Paint. The color of the finished transformer shall be C37.20
Federal Standard 595 dark forest green enamel.

3.11 Miscellaneous Requirements.

3.11.1 Insulated Phase Barriers. Primary and secondary insulated

phase barriers shall be provided.

3.11.2 Undercoating. Transformers, which have bases that come in
contact with concrete, shall have the underside of their bases coated with
a corrosion resistant coating that conforms to Military Specification
MIL-P-2864]1 (or an equivalent) with a minimum thickness of 4 mils.

3.11.3 MWarning Signs. In accordance with ANSI Z35.1, warning signs
shall be provided for the enclosures of electrical transformers having a

nominal voltage rating of 500 volits or above.

3.12 Provisions for Fan Cooling. The transformer, 500 KVA and Tlarger,

shall have provisions for future fan cooling (by others). As a minimum,
fan mounting brackets and dial thermometers with control contacts shall be
provided.
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3.13 Tect'ng. The following tests shall be performed in accordance with
NEMA TRI, ANSI-C57 '12.50, and ASTM Stancdards as listed by the associated
tests. All testing, except the fielg tests, shall be done at the factory,
and the certified results shall be submitted to the buyer for approval
before shipment of the transformer. Field tests shall be performed

unless specifically denied by EG&G Idaho and shall also have certified
test procedures and results if opted by EG&G Idaho. All testing included
in this Specification shall be performed and costs must be included in the
transformer purchase price.

The purchaser reserves the right to witness any or all tests, and the
vendor shall notify the purchaser 14 days in advance of the date for
conducting any test (see Section 3.5).

Field tests shail be conducted by representatives of the manufacturer
and shall be completed after the transformer has been set in place and
before the primary and secondary connections are made. These tests shall
be as described in Section 3.13.3.

The tests below shall be made on the transformer as a minimum
requirement. The order of listing does r t necessarily indicate the
sequence in ~hich the tests shall be conducted.

3.13.1 Coolant Tests.

ASTM D-877 Dielectric Breakdown Voltage

ASTM [D-€:23 Sampling Electrical Insulating Liquids

ASTM [-9z4 Power Factor

ASTM D-974 Neutralization Number

ASTM D-1533 Water in Insulating Liquid (field test only)
ASTM D-2225 Silicone Fluids if Silicone.

PCB contamination certification requires stating either that PCB
content is less than 5 ppm or that the transformer is PCB free and
contains no PCB. A stainless steel label clearly stating the PCB content
shall be attached to the transformer.




-------

1. Coil resistance measurements of all windings on the rated
voltage connection and at the tap extremes.

2. Turns ratio test on the rated voltage connection.

3. Polarity and phase relation tests on the rated voltage
connection.

4. No-load loss at rated secondary voltage on the secondary

voltage connection (field and factory test).

S. Exciting current at rated voltage on the rated voltage
connection.
6. Impedance and load loss at rated current on the rated voltage

connection and on tap extremes.
7. Temperature tests under conditions specified in ANSI
Standards for transformers. (Typical temperature rise of the

"exact" design may be substituted with written approval.)

Applied potential test.

0

Induced potential test.

10. Impulse test.
11. Insulation power factor.

3.13.3 Field Tests. Field tests shall be performed as part of
installation. Test reports shall be certified for methodology and
accuracy.

« No-load loss as measured from the secondary winding at ambient
temperature (ANSI-C57 12.90). Record both ambient and top oil
A-20
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temperatures. Conduct this test on both existing transformers to
be removed and the new transformers. Record ambient tamperature on

the test reports.

« Water content in 0i)l at ambient temperature (ASTM D-1533). Record
both ambient and top oil temperatures.

. Insulation power factor (Method Il ANSI-CS7 12.90, Section 10.9)
Doble Test or equal. (Insulation power factor to be 0.9 or less.)

+ Before energizing the transformer, test the transformer turn ratio
(TTR) at all tap settings. Megger all leads before connecting them
to the transformer and check the leads for grounds using VOM before
any connections are made. Any lead with a Megger reading of less
than 10 megohms shall be replaced.

4. QUALITY ASSURANCE PROVISIONS

Unless otherwise specified, the supplier is responsible for all
examinations and inspections as specified herein. The vendor shall
maintain a Quality Assurance Program in accordance with MIL-(-9858A or an
approved equal during the performance of the contract, which provides
adequate quality assurance and control throughout design,'fabrication,
testing, inspection, and shipping of the transformer. The vendor shall
provide the documents describing the Quality Assurance Program and
containing the procedure that will be invoked to comply with the above.
An Inspection and Test Procedure shall be prepared and submitted to the
buyer for approval. Final inspection and test reports as required by this
Specification shall be submitted to the buyer for approval. The vendor
shall maintain a calibration system for the periodic calibration of test
instruments to standards traceable to the National Bureau of Standards.

Vendor data shall be submitted per attached "Vendor Data Requirements
Lists" (see Appendix B).
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5. PACKAGING

The transformer shall be prepared for shipment within the Continental
United States. All accessories shall be protected from camage. Tne
transformer shail be seaied to prevent entry of moisture or foreign
materials during shipment. Documents as indicated in Appendix B shall be
required. Shipping is the responsibility of the supplier as part of the
total installation package.

€. SUBMITTALS
Within 30 days of receipt of the order, the vendor shall furnish the
purchaser with all necessary outline drawings and weights of the

transformers.

6.1 Shop Drawings and Manufacturer’s Data. Shop drawings for

transformers shall indicate, but shall not be limited to, the following:

Overall dimensions, front view, interfaces with existing
equipment, and sectional views.

Ratings and sizes of lugs, impedance, taps, and fans if
applicable.

Manufacturer’s published information on the main secondary breaker
and feeder devices at each transformer to allow owner to review
settings, which will ensure that proper protection and
coordination will be ac*’eved.

Complete 1ist of spare parts and/or supplies with current unit
prices and source of supply.

6.2 Certified Laboratory Test Data. Certified copies of reports of all

tests shall be submitted as required.
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§.2.1 TJTransfermew Tests, Transformer test shall be performed in
accordance with the ANSI-C57 12.50 - for liquid filled (ANSI-C:7 12.81 -
for dry-type) standard test coce and Section 3.13. Certified copies of
test data for the following tests shall be submitted and shall receive
approval before celivery of equipment to the project site. Field test
data sheets shall be submitted within 14 days after test completion.

7. DEMOLITICN AND CONSTRUCTION

7.1 Demoli*ion and Construction General Requirements. The vendor shall

furnish technical personnel to be present at the site to perform, as a
minimum, the following tasks (see Appendix C). Permits for PCB fluid and
transformer casing transport shall be obtained by the successful bidder
before removal. Note that OSHA regulations require workers handling PCBs
to be properly trained and certified.

Request and have operating Contractor (PWC personnel) de-energize
the existing transformers.

Test the existing transformers for no-load loss, record data, and
submit in writing to the Resident Engineer.

Orain the PCB fluid from each transformer into approved drums,
seal, and deliver it to the interim hazardous waste storage area
at the base.

Purge the transformer case with dry nitrogen gas and seal.

Remove and deliver the transformers to the interim hazardous waste
storage area at the base, as designated by the Pesident Engineer.

Provide and install new transformers and test per Section 3.13.3.

Request PWC personnel to energize the system.

A-23




-7

erify proper cperation and turn the operating transformer over to
534G Icaho for remanding <o PWC San Diego.

rmM

The E£G&G idaho Resident Engineer shall coordinate ail outages and
provide interface between the successful bidder’s, installers, and the
operating Contractor (PWC). PWC Coge 64C is responsible for manifesting
all PCB (hazardous waste) activity, and PWC shall be contacted through the
EG&G Idaho Resident Engineer.

7.2 Draining. Service shall include removal, packaging, and transporting
[to a Defense Reutilization and Maintenance organization (DRMO) hazardous

waste staging area] of the PCB or PCB contaminated fluid initially drained
from the transformers. DRMO waste shall be clearly labeled with contents,
level of contamination, its source, and manifested by PWC Code 640.

The Subcontractor must review and comply with the minimum Outline
Spill Prevention, Control, and Countermeasures (SPCC) Plan before draining”
fluid from a Tiquid cooled transformer (see Appendix D). Appendix D
details the SPCC requirements that the Subcontractor must observe.

7.3 Transportation and Disposal. A1l hazardous waste material shall, as

a minimum, be contained in Department of Transportation (DOT) approved
containers from point of removal until delivered to the final disposal
site. The following are methods of handling the wastes and are subject to
the requirements of 40 CFR, Part 263 and 459 CFR, Parts 172 and 173 and
shall be superseded if the regulations are amended.

1. Drums shall be DOT approved for hazardous waste: 17E for
fluids, 17H for porous solids, and 17H for rags and solvent.

2. Bulk containers shall be six sided, welded steel
construction, lined with a minimum of 10 mil piastic sheet,
and watertight. The container shall be handled by a truck
specially fitted to transport the container from generation
point to disposal point.
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TRANSFORMER DATA SHEZT

- - -~ &o - royuszsn ~ Ansa .
rransiormer IcentivicaTion PWCES-oL) SCESONEYW *

Location

Size

Primary Vcitage
Primary Winding Type
Seconcary Voltage
Secondary Wincing Type
Percent Impecance

Primary Switch
Primary Connection

Secondary Connections

'Secondary Breaker
Maximum No-Load Loss

Maximum Fuli-Load Loss

3L5G ¢&  OUTDOORS

TRC/1000 KYA el

2.4/:2 KV _DUAL jallaled

DELTA

480 V

WYE-GROUNDED

L~
- ‘.

NEW 3 POLE 1S KV 600 AF/300 AT FUSED
SWITCH

PROVIDE TRANSITION CUBICLE TO NEW

SWITCH

PROVIDE NEW COPPER BUS CONNECTIONS
TO NEW SECONDARY SWITCHGEAR. PROVIDE
AND INSTALL NEW SECONDARY SWITCHGEAR

PER SKETCHES. (SEE APPENDIX E OF

THIS DOCUMENT.)
PROVIDE AND INSTALL NEW SWITCHGEAR

PER _ATTACHED SKETCHES
DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* This is a2 replacement of transformer PWC #£3, z2n existing 500 KVA 3
phase 480 V PCB transformer.
Suppiy fan to achieve higher rating.

et

***  Dual voltzge primary winding
the option is exercised, the
the option is exercised then
rating (12 KY).
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taps shall be proviaded for the higher




......

Transtormer [centifitilicn mWiTLAT T fTTTent -

Locatien 21 0a sd

Size 300 Kva

Primary Vcitage leq V

Primary Winding Type NE T

Secondary Voitaage 2Cg/128 v

Seccngary Winding Tyo WVELGROUNDED

Fercent Impedance 3.0

Primary Switch N/A

Primary Connection Ngw E;D :QOM NEW SWITCHGEAR
(St CCES

Secondary Connections

Secondary Breaker
Maximum No-load less

Maximum Fuil-Load Loss

NEW CraLe

AND CONDUTT CONNECTIONS TO

EXTSTING Swi

TCHGEAR

{2 riaces)

EXISTING BREZKTR PER ATTACHED SKETCH

DETZRMINED PR LOSS

tVALUATION IN RFD

DETEZRMINED PR L ASS

CVALUATION IN RFO

* Consolidation repiacement of existing PC2

£71).

See sketches SO 1,
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TRANSFORMER DATA SHEEZT

Transformer lcentificaticn _/PWCIE€-0LD} CCIE-NEW *

Lecaticn BLDE_ 342

Size 2.5 KVA *x

Primary Voltage 2.8/12 XKV _DUAL Jallaled

Primary Winding Type DELTA

Secondary Voltage 48c/277 ¥

Secondary Winding Type WYE-GROUNDED

Percent Impedance 3.0

- Primary Switch NEW 3 POLE 1EKY BQAF FUSED

Primary Connection TRANSITION AND CABLE TO NEW SWITCH

Seccndary Connections REUSE EXISTING --- SPLICE TERMINATION
FOR CONNECTIONS TO eXISTING .
SWITCHGEAR

Secondary Breaker REUSE EXISTING BREAKER -NO CHANGES

Maximum No-lLoad Loss DETERMINED PER L0SS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

»

Replacement of existing 112.5 KVA PCB transformer.

ol Optionally propose and construct this unit with an amorohous stacked
core, as per specification.

***  Dual vcltage primary winding is an option. Regardless of whether

the option is exercised, the 2400 VAC primary must be supplied. If

tne option is exercised then taps shall be provided for the higher

rating (12 KV).
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Transformer Icentificztion

Location

Size

Primary Voltacge
Primary Winding Type
Seconcary Veitage
Secondary Wincing Type
Percent Impedance
P=imary Switch

Primary Connecticn

Secondary Connections

Secondary Breaker

M>2ximum No-lLoad Less

P .mum Full-load Lloss -

m

S-81333

TRANSFORMER DATA SHEZT

[PwC2g-0LD}

DELTA

2087220

WYE-GROUNDED

T N
- .\

REUSE EXISTING SWITCH

NEW_TRANSITION TO EXISTING SWITCH

PROVIDE AND INSTALL NEW SECONDARY

JRANSITION CUBICLE

REUSE EXISTING SWITCHGEAR

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* Replacement of existing PCB transformer.
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Transformer IcZentivication ‘TNges.T T coiz-tEd -
Location SLOG 477 CUTTERRS e
Size SElC o Kva
Primary Voltage Y]
Primary Wdinding Tyre nTiTy
Seconcary Voltage <8277 v
Seconcary Winding Tvpe WAVE-SROUNCED
Percent _mpedanca .78
Primary Switc REUST OF EXTSTING SWITCH falofed
Primary connecticn NEW TRANSTTION 70 CXTSTTNG SWITCH
Secondary Connectians COPPER BUS CONNECTTONS TO NEW
SW:TCHGEAR .
Seccndary Breaker REUSE EXISTING BRCAKER AND SWITCH-
GEAR pawa
“Maximum No-lLoad Loss CITERMINED ofD 1QSS FVALUATION IN RFP
Maximum FuTl-Lcad Loss DETERMINED £ER 10SS SVALUATION TN RES
* This wilT replace existing PC3 1530 KYA <rensTormer.

** Use corrosion resistant external packaging, NEMA 2R minimum. Also
provide octicrnal cost %o include stainiess steel rain cap.
»** [nclude cost proposal to repiace these switcznes as an option.
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TRANSFIAMIR ZATA THIZT
Traznsformer Izentificziion _(ZWCZE-TUCY SooE.uTW -
ccatien SLCf STS.2 DTS
Size é:: A
Frimgry VYoi:ace T2 XY
dvimary wincding Tvre JELTA
Secsncary Voitace “£C8/77° W
Seconcary Winging Tyre WYE-STOUNDTT
Fercant Imregance $.°t
Primary Switch FEUST FXTSTING ATR INTZIDUOTES SWITCH
€60 &
rrimary Connection TRANSITICN FaOM EXTSTTNG SWITTH

Sezoncdary Connecticns PRQVICE
Ty EXIS

ND INSTALL vru CONNEZTIONS
= =
EEQUIRED

SwiiC=Ezd XTEND

AN
iN

Seccndary Erezker PEUSE FXISTING 820 4
2 TlHEGE

Maximum No-Load Loss DETZRMINED PSR 10SS £Vai'2T70N TN RED

Maxizum Fuil-Load Loss CCTIIMINGD DI3 (0SS SVA{LATION TM BFD

* Replacing existing 50C KVA PC3 transfcrmer.

No diagram provided.
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ranstormer lgzntification oL rZo-i-NTd >

Lccatien 812G 3780

Size .':?’TCCC [ bl

Frimary Voltace T Ky

Frimary Winding Tvoe nerTa

Secandary Voitage 482 v

Seconcary Winding Type WVYE-LROUNDED

Percent [mpedancs £ ¢t

Primary Switch CROVTDE AND TNSTALL NIW 18 KV r£racs
CRIMARY SWTTCH AND NEW 17 KV 2500

Primary Connection TRANSITICN TO NTW SWITCH

Secondary Connections NEW _CQPPC2 BUS CONNECTICNS TO NEW )
SWITCHGEAR

Secondary Breaker P & T NEW SWITCHGEAR, SFf SKETrM
ERZAKER AND SWITCHEZAR

Maximum No-lLoad Loss DETEZRMINED PER 1L0OSS EVALUATION IN RED

Maximum Full-Load Loss DETEOMINED beR LOSS EVALUATION IN R°D

:* This unit is replacing an existing 1CC0 KVA PCS fiiled transformer.

Supply fans to achieve higher rct.ng
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£5-51233
TRANSFORMER DATA SHEET

Transformer Ildentification _(PWCZ27-0L0D) CC27R-NEW

Location 2L 0G 378-1

Size f0C KvA  *

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 206 V

Secondary Winding Type WYE-GROUNDED

Percent Impedance 5.75

Primary Switch PROVIDE AND INSTALL NEW SWITCHGEAR
SEf SKETCH

Primary Connection TRANSITION FROM NEW SWITCHGEAR

Secondary Connections NEW COPPFR BUS CONNECTIONS TO EXISTING ~
SWITCHGEAR

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-lLoad Loss DETERMINED PER LOSS EVALUATION IN RFO

Maximum Full-Load Loss DETERMINED PER LCSS EVALUATION IN RFP

No primary voltage taps are required on this transformer due to the high
current level. Note requested optional price for addition of standard
primary voltage taps on this unit in the pricing schedule.
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Transtcrmer
Lscatien
Size
Primary Voltace
Primary Winding Type
Secondary Voltace
Seconcary Wwinding Tyre
Percent Impedance
Primary Switch

Primary Connection

Seccndary Connections

Secondary Breaker
Maximum No-Lcad Loss

Maximum Full-load Loss

* The existing P23 unit is already missing and will not have to

REINSTALL CXTSTING PRIMARY SWIvcH

CONNECT EXTISTING SWITCH

NEW COPOCER BUS CONNECTICONS 78 -

EXISTING SWITCHGEAR

EXISTING SWITCHGEAR

DETERAMINED PER LQSS EVALUATION TM RFD

DETERMINED PER [OSS EVALUATICN TN RFD

ka

-

handled as part of this changeout.

This unit will be installed in an existing station.

Tne installer

will have t{2 remove an existing temporary transtormer and place it
aside for removal by others prior to instiiling the new

transformer.

The installer will also have to reinstzl]l the existing

primary switch, which was disconnec<ed whiia the temporary

transformer was instailed.
3750 KVA unit and will require an oversized crane tc 1ift
This unit is nonPC3 and wiil nct require

set on the ground.
acditional handling.

No diagram provided.

The existing temporary transformer is &
out and
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Transformer Igentification

Locatieon

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance
Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker
Maximum No-Load Loss

Maximum Full-Load Loss

ES-S3333

TRANSFORMER DATA SHEZT

(PWC:-22C0,1,2-0LDY CC2-220-NEW *

BLDG 37¢-3

30C KVA

2.4/:2 KV DUAL jalel

DELTA

280 V

WYE-GROUNDED

£.5

REUSE EXISTING PRIMARY SWITCH fallafd

PROVIDE NEW CABLE CONNECTIONS TO
EXISTING SWITCH

PROVIDE NEW CONDUIT AND CONDUCTORS TO
EXISTING SWITCHGEAR

REUSE EXISTING SWITCHGEAR

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER L0SS_EVALUATION IN RFP

* This new three phase transformer is replacing three existing 167 KVA
single phase PCB transformers.

bl Dual voltage primary winding is an option. Regardliess of whether
“he option is exercised, the 2400 VAC primary must be supplied. If
the option is exercised then taps shall be provided for the higher
rating (12 Kv).

***  There are three oil-fused contactors wnich are feeding the
transformer to be removed. It is believed that the three contactors
are PCB-contaminated, and they should not be disturbed.
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S ) LR SmZz
Transformer IZzniificaticon (IWOIL1EZLTiTY emmt_oZToqTy *
Locaticr 202 333 x
Sile Tic 2 wya
Primary Voitage 180 v
Primary Wincing Type SIiTA
Secondary Yolitace 2tencco v
Seccndary winding Tvpe WYE-220UNDED
Percent Impedance & s
Primary Switch POQVIDE AND INSTAL! NIW 480 V BPTaKER
IN NCW SWITCHGEZAR, S-Z SKETZHES
Primary Connection Sgr SKETZurs
Seconcary Connecticns TRANSTTTON TQ EXTSTING PANCL
Seconcdary Breaker REUSE EXISTING
Maximum No-lLoad less DETERMINED S22 [ 0SS EVALUATION IN RFP
Maximum Fuil-Load Loss DETZRMINED PER 1 0SS EVALUATICN TN RFP
* This unit reniaces the existing 112.5 KVA PC3 transformer.
*x This transfco-mer will be instailed on a mezzanine located
aoproximately 30 feet AAF. EIxtrs riccing and PCB handling efrorts

will be required.
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Transformer lzentificziicn [FWCT-12T-oCUTY 0 C0T.-TETANT *
Lececation SLof 3t il
Size 1:2.8 KVa
Primary VYcitzce 160V
Primary Winding Type 2cL7A
Seconcary Voitace 249 ¥
Seconcdary Winding Type Wye
Percent Impecance .z
Primary Switch PROVIDE AND INSTALL NEW 480 V RRE2KER
IN NEW SWITCHGZAR, StF SKETCHES.
Primary Connection SES SKETCHES
Secondary Connections TRANSITICON TO EXISTING PANEL .
Secondary Breaker REUSE FXISTING BREAKER
Maximum No-lLoad Loss DETERMINED PE= LOSS EVA{UATICN IN RFP
Maximum Full-Load Loss DETZRMINED OCR LOSS EVALUATION IN RFP
* This unit is replacing the existing 112.5 KVA PC3 transformer.

**  This transformer will be installed on a mezzanine locatad
approximately 30 feet AFF. Extra rigging and PC3 handling efforts
will be required.
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APPENDIX 3

YENCOR DATA

REQUIREMENTS LIST

§

Descristicn

*

when

Required
i

Copies
required

t

| No.of

Reference
Paracraoh

-

Approval

oy HWN
« e e .

Orawings, sketches, schematics
and other czta shall ke
submitted with the bid
sufficien: for evaluation of
contract proposal.

Quality Manual and Procedures
inspection and Test Procedures
Inspection and Test Results
Maintenance manual which
includes as a minimum:
installation instructions,
operating instructions,
preventive and corrective
maintenance tasks, the
frequency of each task, the
tools, equipment, and
procedures with special
emphasis on safety precautions
for the accomplisnments of
each task.

Priced spare parts list and
reccmmended spares.

Guaranteecd performance data
and name plate data.

As-built shop drawings schema-
tics and wiring diagram.
Installation schedule.

. PCB fluid disposal plan and

certification.

. Spill Prevention, Control, and

Countermeasures Plan

. Certification for Hazardous

Waste Handlers

8C

~
[

BFR
PS

PS
PS
PS

PS
PS

BFR
PS

12

-
~

[P
"~

NA

-

O r— WO
——
o

w (¢]]
(@] o

tmun
(&N e

NA
NA

[
{
Req’d.by!
ll
!
'
!

AB/DE
AB/DE
AB/Dt
A8/Dt

— X0 +—¢ X3

I{ AB/D
I| AB/DE
Rl A3/Ct

AB/DE
AB/DE

R| AB/DE |
R{ AB/Ct

v
i i

R DE

* BFR
* PS Prior to Shirment

Information Only
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gBefore Fabrication Release

*x R

Q*A

Approval By Desicn Zngineer

* 8C

[ )

8

Before contract is awarged
Reguirad
Apgroval By Euyer
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APPENZIX C

CONSTRUCTICON SETAILS
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ELZCTRICAL GENERAL PR

PART 1 - GeNERAL

CZSCRIPTICN CF WORK:

CVISICHS

Summary: The electrical work can be ceneraily summarized in the followin
G g

marner, but this is not by way cf limitation:

. Cbtain permits for moving hizardous waste.

. Check and mark pnase rotation before ce-energizing system.

. Have PWC personnel de-energize the existing transformers.

. Test existing transformer for no-lcad losses. Drain the PCB
fluid from each transformer into standard DOT approved drums and
deliver it to the interim hazardous waste storage area on the
base as designated by the Resident Engineer (all work shall

comply with OSHA and EPA regulations).

. Purge the transformer case with dry nitrogen and sezl.

. Deliver the existing transformer to the interim hazardous waste
storage area on the base (comply with OSHA and EPA regulations).

. Provide and install new transformers.

. Connect new transtormers and test.

. Request PWC personnel to energize the system.

. Verify proper operations and turn the ocperating transformer over
to EGAG [cdaho. Inc. for remanding to PWC San Diego.
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Furnish 271 labor, materiais, ecuipment, and aczliancas recuired %o complete
the instailation of the complete elecirical systems. A1l labor, matsrials,
sarvice, equipment, and workmanship shall conform to the appiicabie chapters
cf the NEC (NFPA 7C) and other authorities having lawful jurisdiction
pertaining to the work reguired. All modificztions reguirad by these coces,
rules, recuiaticns, and authorities shall be mace by the Subcontracter
without acditional charge to the Contractor.

Underwriter’s Latoratories (UL): A1l materiais, appliances, equipment, or
devices shall conform to the appiicable standards of UL where such standards
exist. AlT material, acpliances, equipment, or devices shall be listed
and/ar Tabeled by UL where sucn standards exist. .

Completed electrical system shall conform with applicable provisions of the
Special Canditions, the Technmical Specification, and the attached subcontract
drawings.

CONDITICN OF PROCUCTS:

Except as otherwise indicated, provide new e’ectrical products, free of
defects and harmful deterioration at the time of installation. Provide each
product complete with trim, accessories, finish guards, safety devices, and
similar components specified or recognized as integral parts of the product,
or required by governing regulations.

UNIFORMITY:
Wnere muitiple units of a product are required for the eiectrical work,

provide identijcal products by the same manufacturer without variations except
fer sizes and similar variations as indicated.

A-57




(7]

(AN ]
w)
]
om
)
ta)

Seneral: 1%t is recognized that the subconiract cocuments are ciacrammatic in
showing cartain thysical relationships that must te 2stabliished within the
ejectrical werk and in its intartace with other work, including utilities and
mechanical work, &nd that such estzplishment is the exciusive responsitility
of the Subcontractor.

Arrange electirical work in 2 neat, well-orcanized manner with conguit and
similar services running paraliel with the primary lines of the building
1'

-

construction and with a minimum of 7 feet overhead clearance where possibie.

Loccate operating and control equipment properiy to provide easy access and
arrange entire electrical work with adequate access for operation and .
maintenance.

RESIDENT ENGINEER:

The EG&G Idaho Resident Engineer will ensure that the installation complies
*®
with drawings, specifications, and witness testing.

TRANSFORMERS
PART 1 - GENERAL
WORK DESCRIFTICN:

°rovide ancd instail transformers of sizes, ratings, and types as shown on the
referenced data sheets and engineering specification.
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he transsormers shall be zs shewn on *he at*ached Cata sheets and shall =e
nstailed at the lccaticn inciczted on the drawings.

The transiormer enclosure shall be suitable for the environment that the
transformer is installed in.

PART 3 - EXECUTION

INSTALLATION:

Install transformers as indicated on the drawings and in accordance wit
manufacturer’s written instructions, zappiicable requirements of NEC and -th
NEC Association’s "Standa-d of Installation,"” and compiying with recognized
industry practices to ens.re that products serve intended functicns.
TESTING:

Visually inspect to determine that equizment instailaticn conforms to NEC,
these specifications, and the drawings and testing as described uncer the
testing secticn of the specification.

GROUNDING

PART 1 - GENERAL

WORK JESCRIPTION:

Provide and install grounding on ail transfsrmer cases and tie into the

exis*ing grouncding system.
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INSTALLATION:

Install a ccmplete grounding system for the itransformers in accorcance with
applicabie requirements of NEC and complying with recognized industiry
practices to ensure that products serve intencded functions and comply with
requirements. All exposed noncurrent-carrying metallic parts of electiricai
equipment, conduits, grounding conductor of ncnmetallic sheathed cables, and
neutral concuctor of the wiring system shall be crounded.

Exothermic Welds: Exothermic welds shall be made in accordance with the
manufacturer’s written recommendations. No mechanical connector is required
at excthermic weldments.

TESTING:

Visually inspect to determine that ground installation conforms to NEC, these
specifications, ancd the crawings.

CABLEZ, WIREZ, CONNECTORS AND MISCZLLANEQOUS CEVICES -

Proevice and install conduit systems, cables, wires, and wiring connecicrs of

sizes, ratings, materiais, and types as shown on the crzwings.
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perly terminated. Cabie

12

A1l § KY and 15 KV cabie shali be snieiced and pr
e a 133% insulztion level.

shall e E£PR MV-30 shielcded cable and shall hav
HiGA YOLTAGZ SPLICZS:

Splices in high voitace cabies. Sglices shall be suitabie for continuous
immersion in water and shall be mace oniy in accessible iccations in
mannoies.

Certification. High voltage cable spiicer/terminator certificaticn of
competency and experience shall be submitted 30 days before splices or
terminations are made in high voitage cables. Splicer/terminator experién:e
during the past 3 years shall include performance in splicing and terﬁinating
all cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shall be made using a "kit," which shall
be the product of one manufacturer and shall have the approval in writing of
the manufacturer of the cable that is to be spiiced. 7The Contractor shall
_provide for continuous submersion in water.

Heat-Shrink Method. A1l splices for 600 volt and less cabies shall be done
by the heal-shrink method. Provide heavy-wal] heat-shrinkabie spiice tubing
rated for seaied underground connector svstems. Tubing shall be available
uncoated, or with a thermop .stic adhes:i.e-sealant that adheres to PVYC,
neoprene, pclyolefin, and EPR aiuminum or steel.

Splices in High Voltage Cabies. Splices shail be suitabie for continuous

immersion in water and shall be made only in accessible locations in
manholes.
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cables of the tvpe and ciassification being proviZed uncder this con

it Meinocs. High voltace spiicas shall be mace usinc a "Xit," which shall
1 have the acproval in writing of

ce tne product cf one manutfacturer anc shal
“he manufacturar of the cable that is to spiiced. The contracter shall
provide the Contracting Officer or Contracior’s Quality Controj
representative with a copy of the manufacturer’s instructions before sgiicing
is started. Splices shall be made only in manholes.

Splices in Shielded Cabies. Splices in shielded cablies shall include
covering the spliced area with metallic tape, or like material, to the
original cabie shield and connecting it to the cable on each sice of the-
slice. Provide a No. 6 AWG bare copper ground connection brought out in a
water tight manner and ground to a 3/4 inch x 10 feet ground rod as par* of
the sglice installation. Wire shall be trained to the sides of the enclosure
in a manner to avoid interference with the working area.

Phasing and Rotation. Contractor to record the phasing and rotation of the
existing electrical system before cable splicing, cable removal, termination,
and/or any work that could alter the phasing and rotation of the system.
After completion cf the work and befcre connecting any load to the system,
the contractor snali verify that the phasing and rotation is as it existed
and has not been altered.

WIRING MATZRIALS, 500 V CLAS

(73]

Conductors shall be stranded for a1l sizes of wire and cabie.

Conductors shall be copper for all sizes.

Wwire insulation shall be type THHN/TAWN for all 600 voi: concductors unless
gtherwise noted.
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Minimum size of ccwer conductors sheil te No. 12,

Splices for 600 Volt Cables. Splices in uncerground systems shail te mace
only in accessible locations, such as manholes and hanchoies, using a
compressicn connector of the ccncuctor and by insulating ancd water proofing
by a method suitable for continuous sutmersicn in water.

Heat-Shrink Method. A1 spiices for €00 voit and Tess cabie shail be done avy
the heat-shrink method. Provide heavy-wall heat-shrinkabie splica tubing
rated for sealed underground connector systems. Tubing shall be availabie
uncoated, or with a thermoplastic adhesive-seaiant that adheres to PVC,
neoprene, polyoiefin, and EPR aluminum or steeil.

CONNECTORS:

Compression and/or lug type connectors, such as "Burndy", shall be used for
splicing No. 6, and larger 600 volt cable.

High Voltage Cable Terminations. IEZE 48, Class 2. Except as otherwise
indicated, terminators for extruded insulation nonmetallic jacketed cables
shall be porcelain insulator type. Apply terminator to sincie conductor
cables or to each conductor of multiple conductor cable that are to the
weather. Terminator shail not exude any filler compound uncder either test cr
service. The terminator shall consist of a porcelain insulator, cable
connector-hoodnut assemble, and aerial lug, as required, m:tal body and
supporting bracket, sealed cable entrance, and internal siress relief device
for shielded cable, and insulating filler compound or material.

Terminator, Mccular, Molded Rubber Type. IZZE 48, Cliass 2. Provide
terminator as specified herein for terminating sincie conductor, or the
single conductor of multiconductors, soiid insulated, nonmetallic jacketed
type cables for service voltage up to 35 KY outdoor. The terminator shall
consist of a siress control, ground clamp, nontracking rubber skiris,
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shieiding %o be externally crounded and sealed. <Semarate parts of cogner :or
cpoer 2iloy shail not be used im contact with aiuminum or aluminum alicy

carts in the construction and instailation of the terminator.

Wire/Device Identification: A1 cadble systems, major concduits, znd devices
shall be permanently marked. Conduits shall have stainiess st2el tags a%
every 60 feet or where wall or buiiding penetrations cccur. A1l conductors
shail be identified with self-adhering cil and moisture resistant vinyl
labeis, covered with clear heat shrink tubing or wnite heat shrink tubing
with black typed on letters with nonsmearing ink as manufacturecd by Brady,
T&C. or approved equal. Hand lettered iabels shall not be used. Ail
conductors shall be clearly marked with the proper phase identification.

CCNRUIT SYSTIM: .

A1l conduits shall be RGS or IMC with exception of underground, which can be
PVC, and which shall be 3 feet minimum below grade and encased in 2 inches
minimum red concrete. A1l bends must be RGS or IMC. Ccnduit systems shail
be completed per the NEC.

PART 3 - EXECUTION
INSTALLATION:

General: Install electrical cable, wire, and connectors as indicated on the
crawings, in accordance with the manufacturer’s written instructions,
applicanie requirements of NET and NECA’s "Standard of Installation”, and in
accorcance with recognized incdustry practices to ensure products serve
intanced functions.

Pull ccnductors together where more than one is being installed in a raceway.

Do not exceed the conductar manufacturer’s recommended pulling tension or as
specified in the IPCS Handbook. Usz puiling compound or lubricant, where
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recessary; csmpound must not cdetericrate conductor or installatign., Tenrsizn
snall be monitored when puils inveclve more %han 403 ¢ 3

or more 53
degree turns are in the system.

Use puiling means including fish tape, cabie, or rope which cannct camace
raceway.

Install splices and taps in an accessible junction bex that has mechanical
strength and insulation rating equivalent-or-better than conductor.

Use splice and tape connectors that are compatible with conductor material.
TESTING:

High Potential: After installation and installing stress cones, all 15 KV
cable shall be tested at twice the normal operating voltage plus 1000 volts.
The test duration shall be 15 minutes on each cable. See IEEE standard
400-1980 (IEEE gquide for making high-direct-voltage tests on power cable
systems in the field).

Meggering: Before terminating, test all cable or wire for insulation
resistance with 500 volt megger. Any wire with less than 10 megohms to
ground or other conductors shall be replaced before proceeding with the
terminating. List conductors tested on required test data submittal sheet.

ELECTRICAL CONTINUITY AND PHASE ROTATION:

After conductor connectors are installed and conductors are labeled, but
before termination to. terminals or devices, an electrical continuity test
shall be performed on each conductor using a battery powerec buzzer cr
chmmeter to determine that all power, control, griunding, and other
conductors are properly installed and identified. List all conductors tested
on required test dat- submittal sheets.

After initial energi..ng of the transformer, che ‘or proper phase rotation.
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APPENDIX D

CUTLINE SPILL PREVENTION, CONTRCL, AND COUNTZRMZASURZIS PLAN
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CUTLINE SPILL PRIVENTICN, CONTROL, AND CCOUNTZRMEIASURES PLAN

MINIMUM SDT | DCCYENTION ZZ2UIRTMENTS

The following shall be performed before the start of and curing any
fluid removal ‘rom a iiquic cooled transformer (i.2., PC3 filled, 0il
filled, or silicone filled).

a. A laver of & mil polyethylene sheeting shall be placed around the

transformer.

b. If drains are present, measures will be taken to eliminate the
potential for any fluids from entering the drains. This
includes, but is not iimited to, constructing a dike, trenching
around the drain, and/cr plugging the drain.

c. Before pumping the fluids, all hoses shall be inspected for any
holes, cracks, or de-erioration. Fittings shall be inspected to
ensure a proper connection. Any gaskets utilized in the pumping
operations shall be inspected for integrity. Approved hoses,
pumps, and gaskets shall be used.

d. Drip pans shall be placed under pumps and connections.

e. Pumps and hoses shall be positioned so as to minimize any
tripping hazard.

f. Personnel will monitor the pumping operation at all times.

g. An adeguate supply of absorbent materials and cleanup eguipment
shall be readily available in the event of a mishap.
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incluces the follcwing, cut not limitad <c:

Shovels
3rooms
207 drums:  i7t, 17H, and €5 galion recovery crum

[£9 G) )
. . . .

Ample supply of rags

Vermiculite (Speedi-DOrv)

Absorbent booms and/or absorbent pads
Assorted corks, plugs, and emercency seals
Material Safety Cata Sheets (MSDS).

00 ~N O W

A1l safety equipment shall be inspected before use.

CONTRCL

In the event of a spill or leak, the following procedure shall be

implemented:

Source .

Stop the source of the spill. Below is a list of probabie source
of spills when working with liquid cooled transformers, and the
remedial action to be taken to eliminate the problem.

Transformner

1.  Llocation of leaks: valves. Remedial action: plug valve
to reduce or stop spill. Pump fiuid below valve and replace
faulty valve.

2. lLocation of leak: bushing. Remedial action: Pump fluid

below bushing levei. Replace caskets, or if necessary,
renlace bushing.
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ce. Remecial

either 2zoxy or

weid clcse the leak scurcze. If the sourcze of *he lazk is

small, a vacuum can e sulled con the transTormer Lefcore

acplying the epoxy seaiant r weliding. Pulling a vacuum on

the transformer eliminates the need for any

gperations.

cumping

4. Location of leak: tap changer, ligquid level gauge, or

temperature gauge. Remedial action: remove fluid below

level and replace packing material, gaskets
sealant where applicable.

Source 2. Pumps or Haoses

, Or thread

Remedial action: Stop all pumping operations and place apparatus into an

adequate container to capture any fluids.

Source 2. Drums

Remedial action: In the event that the drum is seeping
fluid shall immediately be transferred to another drum.

at the seams, the
Should a drum

rupture or become punctured, an oversized recovery drum will be used. The

recovery drum is placed over the top of the ieaking drum.

Then, the

recovery drum is placed upright, containing the leaking drum.

b. Stop the migration of ary spilled fluid. 7This can be done by

placing the berm around perimeter of the spiil.
constructed using any type of absortent matarial
vermiculite (Speecdi-Dry), sand, rags, absorbent

c. Seligiév any “ree standing “lyid.
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d. Se&fetv appawel sh3’! be wgrn when cealing with scills invelving

COUNTZRMEASURES

(g

The countermeasure operations are the cieanup and disposal of all
contaminated material that is a result of the spill. The primary coal of
all cieanup activity is to maintain a safe environment.

a. Cleanun

1. Fluids: If the volume of fluids is great enough to where
solidification is impractical, the liquid shall be pumped
into DOT 17E drums. These drums must be properly labeled
and dated. :

2. Solids: Any porous solids (soils, asphalt, wood, paper,
etc.) contaminated by the spill shall be placed into DOT 17H
(removal head) drums. These drums must be properly labeled
and dated.

3. Major Spills: In the event that the spill exceeds the
control and cleanup capabilities that are onsite, an outside
contractor, who specializes in environmental cleanup and has
all permits and licenses required, must be contacted. This
contractor must be equipped to handle various types of
spills.

2naivs®s. Quring the cleanup operations, sampling, and analysis

must be performed. The analytical data are needed to present an

accurate picture of the following:

1.  The extent of the spill

2. The effectiveness of the cieanup operations
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3. "ne point in time when the envircrment has been

cdecontaminated.

Diszosal. The disposal of ali contaminated materials must e in
accorcance with the applicapia IPA rzguiations (40 CrR 781).

A1Y work will be inspected by the £G&G idaho, :Inc.
representative.

Transportation of hazardous waste tc the dispecsal site shail
conform to 40 CFR, Part 263. A1l federal, state, and local
permits and labeling and zpprcvals shall be completed before the
shipment of waste from the transformer site.
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§" JTCHGZAR SPECIFIZATIC
TNEDAL
1.0 GEZNERAL

Provide and instail switchgear with the transformer zs referenced in the
data sheets. The switchgear shall cansist of ane or mcre enclosed
vertical sections joined together to form a rigid, free standing
assembly. The construction of the switchgear shail meet the requirements
of the NEC.

2.0 PRODUCTS

600 Volt: Switchgear shall be suitable for operation for 430 volt, 3
phase, 3 wire, 60 Hertz grounded. service..

Vertical Sections: Vertical sections shall support the horizontal and
vertical buses, covers, and doors, and shall be designed to allow for easy
rearrangement of units. Vertical sections shall have structural
supporting members formed of & minimum of 13 gauge hot-rolled steel. Al]
finished surfaces shall be blemish-free. Each section shall be 90 inches
high and shall have 7 gauge steel, 3 inches high, removable 1ifting angle
and two 1-1/2 inches high base channels. Complete control center lineups
shall be divided into shipping splits no wider than approximatel: 60
inches. A "*“ting angle shall be provided on the top of each shipping
split and s. . 1 extend the entire width of the shipping split. Lifting
angles shall be designed to support the entire weight of the switchgear
and shall have access points or lifting eyes to facilitate handling. Base
channels shall be provided with holes to permit boiting the switchgear to
the flogor. The entire assembly shall be constructed and packaged io

withstand all stresses induced in transit and during installation.
Switchgear shall be desicred so that matching vertical sections of the
same current rating and mnufacture can be added Tater at either end of
the Tineup without use of transitiom sections and without difficulty.
Removablie enc closing plates shalT be provided to cicse off openings on
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the end of the lineup. A removabie top plate shall te provided on each
vertical section and shall be of one piece construction for added
convenience in cutting conduit holes. Tne design shall ailow use of the
standard concduit entrance area without significant sag or deformation of

the tecp piate.

Vertizal sections shall be designed to accommodate plug-on units in
front-of-board construction. Vertical sections housing plug-on units
shall be 15 inches deep.

Vertical sections shall be provided with both horizontal and vertical
wireways. Sufficient clearances shall be provided in the horizontal
wireway so that no restriction is encountered in running wires from the
vertical to horizontal wireway. Wireways shall be in accordance with the
wireways section contained in this document.

Horizontal Wirewavs: Horizontal wireways shall be provided in the top and
bottom of each vertical section and shall be arranged to provide full
length continuity throughout the entire assembly. The top horizontal
wireway shall have a cross sectional area of not less than 20 square
inches with openings between sections of not less than 11-1/2 square
inches. The bottom horizcntal wireway shall extend through the length and
depth of the 11-1/2 square inches to allow for full length continuity
throughout the entire assembly. The bottom horizontal wireway height
shall be not less than 9-1/4 inches. Covers for all wireways shall be
equipped with captive type screws to prevent loss of hardware during
installation. All wireways shall be isolated from the bus bars.

Vertical Wireways: A vertical wire trough shall be located on the
right-hand side of each vertical section and shall extend from the top
horizontal wireway to the bottom of the avaiiabie unit mounting space.
Each vertical wire trough shall have a cross-sectional area of not less
than 19 square inches and shall be isolated from the bus tars to guard
against accidental contact. A separately hinged door heving captive type
screws shail cover the vertical wire trough to provide easy access to
control wiring without disturbing the unit.
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Reusaple wire ties shall be furnished in each verticzl wire trouan for the
purzose of grouping and securely holding wires in place for a neat and
orderly installation.

Bus Bars: A continuous main 3-conductor horizontal tus shail ce provided
over the full iength of the switchgear. When necassary, the bus shall te
split to allow for ease in moving and handling. Spiice bars will be
supplied to join the bus whenever a split has been made. All splice
connections shall be made with at Teast 2 bolts. Horizontal busbars shall
be mounted edgewise and supported by insulated bus supports. Insulation
shall be used as required by NEMA standards and shalil te cated at no less
than 600 VAC.

For distribution of power from the main haorizontal bus to each unit
compartment, a 3-phase vertical bus shall be provided. The vertical bus
shall be firmly bolted to the horizontal bus for permanent contact.

The main horizontal and vertical buses shall be made of copper and the
entire length shall be electrolytically tin plated to provide maximum
protection to the bus bars from normal or adverse atmospheric conditions.

The main horizontal bus rating shall be & minimum 800 amperes continuous.

Vertical bus rating shall be a minimum of 300 amperes for adequate current
carrying capacity. Continuous current ratings shall be in accordance with
temperature rise specifications set forth by UL, ANSI, and NEMA standards.

A copper ground lug shall be provided in each incoming line vertical
section capable of accepting Na.8 to 350 MCM cable. A horizontal (and
verticai) tin plated copper ground bus shall be provided in each section
of the switchgear. Horizontal ground bus shall run continuously
throughout the switchgear except where splits are necessary for ease of
shipment and handling in which case spiice bars shail be provided. Ground
bus shall be tin plated copper. Horizontal ground bus shall be located at
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the bettom of the switchgear. Vertical ground bSus snall run naraliel 4o
the power distribution bus in each vertical section. Cesign shail te such
that for any plug-cn unit the ground bus stab shall make contact with the

ground bus before the power bus contact is made.

3us Barwiers: Insulated horizontal and vertical bus barriers shall be
furnished ta raduce the hazard of accidental contact with the bus.
Barriers shall have a red color to indicate proximity of energized buses.
Vertical bus barriers shall have interlocking front and back pieces to
give added protection on ail sides and shall segregate the phases to
reduce the passibility of accidental "flash over." Small, separate
openings in the vertical bus barriers shall permit unit plug-on contacts
to pass through and engage the vertical bus bars. Bottom bus covers shall
be provided below the vertical bus to protect the ends of the bus from
accidental contact with fish tapes or other items entering from the bottom

of the enclasure.

Controls and Meters: A1l new service panels shall be equipped with the
following:

KiTowatt Meters. Type II, Class 3, Style B and shall have provisions for
pulse inititation. Kilowatt meters shall be flush switchboard type as
indicated on the drawings and shall be totally compatible to each
particular application. Kilowatt meters shall be of one manufacturer,
secondary type.

. The meters shall have an electronic demand register. The
register shall be used to indicate maximum kilowatt demand as
well as cumulative basis. It shall have provisions to be
programmed to calculate demand on a roiling interval basis.

- The register shall be of modular design. The electronic mocule,
containing all the program variables, shall be able to be easily
removed from the mechanical register for programming, maintenance
and trouble shooting.

A-76



[ad]
w
1
w
»
(V3]
)
(W]

the bottem of the switchgear. Vertical grcund bus snall run paraliel to
the power distridution bus in each vertical secticn. Cesign shall be such
that for any plug-on unit the ground bus stab shall make contact with the

ground bus before the power bus contact is made.

Bus Barviers: Insulated horizontal and vertical bus barriers shall be
furnished to raduce the hazard of accidental contact with the bus.
Barriers shall have a red color to indicate proximity of energized buses.
Vertical bus tarriers shall have interlocking front and back pieces to
give added protection on ail sides and shall segregate the phasas 5
reduce the possibility of accidental "flash over." Small, separate
openings in the vertical bus barriers shall permit unit plug-on contacts
to pass through and engage the vertical bus bars. 3Zottom bus covers shall
be provided below the vertical bus to protect the ends of the bus from
accidental contact with fish tapes or other items entering from the bottom
of the enclosure. )

Controls and Msters: A1l new service panels shzll be equipped with the
following:

KiTawatt Meters. Type II, Class 3, Style B and shall have provisions for
pulse inititation. Kilowatt meters shall be flush switchboard type as
indicated on the drawings and shall be totally compatible to each
particular application. Kilowatt meters shall be of one manufacturer,
secondary type.

. The meters shail have an electronic demand register. The
register shall be used to indicate maximum kilowatt demand as
welt as cumulative basis. It shall have provisions to be
programmed to calculate demand on a rolling interval basis.

. The register shall be of modular design. The electronic moduie,
containing all the program variabies, shall be able to be easily
removed from the mechanical register for programming, maintenance
and trouble shooting.
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interchangeabia.

A Trictioniess cptical assemply, mounted ciractly to the meter
frame, generating 12 puises per meter cisc reveolutien feor input
t3 the electronic recister shaii be proviced.

fach kilowatt meter shall also be complete with a S-dial
mechanical kiiowatt hour register.

Meters shall be 3 stator, 120 volt for usa2 on & wire Y, 3-phase
system.

Meter multiplier shall be shown on the face plate and shall be
the product of the indicated current transformer and potential
transformer ratio.

Oraw out arrangement for meter removal incorporating
automatically short circuit current transformer circuits.

Meter covers shall be polycarbonate resin.

Meter detent to prevent negative registration Ly restricting tne
backward rotation of the disk.

The normal billing data scroll shall be fuily programmabie. The
following items shall be displayed in the data scroil:

- Kilowatt hours

- Maximum demand

- Cumulative or continuously cumulative
- Number of demand resets

- Time remaining in interval

- End-of-interval indication

- New maximum demand indication
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The register shail incsrporat2 a Suilt-in test moce that allcows
it to be tested without the need for any sgecial t20is or other
accessories and saves data and constants zefore start of the
test. The following guantities snail Se avaiiable
the test mode:

- Time remaining in demand intervsl

- Present interval’s accumulating cemand

- Maximum demand

- Number of impulses being received by the registar

Pulse initiator with programmable ratio selection.

Battery with battery port for quick changes.

Meters shall be programmed after instaliaticn.

Meters shall be tested, calibrated, and certified after
installation.

Self-monitoring to: provide for stored data check sum error, ROM
and RAM checksum error, battery fault, and unprogrammed register.

Liquid crystal display, 9 digits, blinking squares confirm
register operation.. Large digits for data and smailer digits for
display identifier.

Display operations, programmable sequence with display
identifiers. Display identifiers shall be selectable for each
item. Continualiy sequence with time selectable for each item.

Civ=yit Breakers: Maolded 8 circyit breakers shal” bhe furnished in

branch feeder units using <.-cuit breakers as a cisccnnect means. All

circuit breakers will have a push-to-trip test feature for testing and
exercising the trip mechanism. 8reakers shall te UL Tisted for a minimum

of 22,000 amperes RMS symmetrical fault withstandapility.
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Main breakers (280 ve.t panels cniy) shail be eguippes with auxiliary
centacts and shunt trip coils. Optional electiriczal operaticn mechanisms
shall be proposed for possibie use it funding jeveis are acecuate.

L)

~dentif-cztion: A control center identificaticn namepiate with factory

identification numbers and characteristics shall ze fastened on the
vertical wire trcugh door of every section. tach unit shail have its own
identification nameplate fastened tc the unit saddle. These namenlates
shall have suitable references to factory records for efficient
ccmmunication with supplier. Each unit shall also have an engraved
nameplate fastened to the outside of the unit door for ease in
identification and for making changes when regrouping units. Main
breakers (480 panels only) shall be equipped with auxiliary monitoring
contacts and shall be equipped with short trip controls. Optional
electrical operations shall be proposed for possible use if funds are
adequate.

Wiring: The switchgear wiring shall be NEMA Class II, Type B.

As defined by NEMA Standard 1SC-2-322, Class Il switchgear shall include
the necessary electricai interlocking and interwiring between units,

Type B wiring shall include terminal blocks mounted on 1ift out brackets
in the units.

Terminal blocks shall be quick separating pull-apart solderless box lug
type or equal.

Firish: A1l metal structural and unit parts shall be compietely sainted
using an electrodeposition process so that the intericor and exterior
surfaces as well as bolted joints have a compiete finish coat on and
between them.
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3.1 Following tests shail be performed and rasul:is recorded. Al the
TZZI, NZIMAL and ANSI

Stancards where such stancards are definitive. A1l _est cata inciuding but

equirment tests shall be performed in accorcance w-*h [If
not limited to test circuitry, fauity ecuipment, and remedial action will
Se recorded, certified, correlated, bound, and furnished to the Cwner.

a. Wiring ccntinuity - point to point check and verification with the
wiring diagrams.

b. Wiring insulation - check to ground - megger at 6C0O volts.

c. Power of proper amplitude and frequency shall be applied to all AC and
OC circuitry. Three-phase potential and current of proper frequency,
shall be applied to all applicable AC connections.

d. Polarity tests of all AC and DC circuitry. Three-phase power and
phase angle meter shall be used to make AC pclarity test on power
feeds and metering circuits.

e. Functional tests shall be performed on all eguipment to incicate
proper operation of all protection, metering, and control equipment.
Power circuit breaker simulators shall be employed for the primary bus
to verify proper operation of all equipment.

f. The Owner may at his option provide specific relay and metering test
forms to be complied with, otherwise the Seller shatl submit 2 copies
of Seller’s standard test forms for review by the Engineer.

a. All "as left" test values shall be recorded and shall be within

manufacturer’s tolerances. Manufacturer’s tolerances shall be
indicated on the test forms.
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n. Tne intent of the accaz<tance test s L0 cetarmine InEt “ne meters and
ne
nd that the meters and relay caliitrations hiave not been

a

¢isturned. :f tne examination or tast incicates that ra-adjustment ig

necessary, the relay shail be repaired ang/cr calitrated as cer
manufacturer’s instructions.

3.2 The Owner and/or Engineer may elect %o visit the Seller’s facilities

orn completion of fabrication of the eguipment to inspect the equipment ind

witness testing as outlined in Section 3.1.
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SPECIFICATION
FOR THE PURCHASE AND INSTALLATION OF
CAST COIL TRANSFORMERS AT THE
SAN DIEGO NAVAL FACILITY

1. SCOPE

1.1 Scope. This specification covers the design, fabrication, testing,
installation, and inspection of cast coil, dry-type, power transformers and the
removal of existing polychlorinated viphenyl (PCB) transformers, handling of
PCB fluid, and obtaining the permits required for hauling hazardous waste. The
intent is to make a turnkey replacement with advanced technology transformers
including any equipment needed to replace the existing transformers. They will
be used to provide the Navy with performance data on these advanced technology

devices.

1.2 Applicability. It is not the intent to specify details of design and
construction except where necessary to establish performance requirements, nor
is it intended to set forth those performance requirements, which are
adequately specified in applicable standards.

A11 components of the transformers shall be new and function in a
satisfactory manner within their rated capacity under the specified service
conditions regardless of whether all necessary specific performance
requirements are set forth herein or in applicable standards.

2. APPLICABLE DOCUMENTS
The following documents form a part of this specification to the extent

specified herein. The issue of a document and amendments in effect on the date
of publication of this specification shall apply.

A-87




£S-51334

2.1 American National Standard Institute (ANSI).

2.2

2.3

General Requirements for Dry-Type Distribution and

Terminal Markings and Connections for Distribution and

Operation, and Maintenance of Dry-Type General Purpose

Loading Dry-Type Distribution and Power Transformers

ANSI-CS57 12.01
Power Transformers

ANSI-C57 12.70
Power Transformers

ANSI-C57 12.80 Terminology for Power and Distribution Transformers

ANSI-C57 12.91 Test Code for Dry Type Distribution and Power
Transformers

ANSI-C57 12.94 Recommended Practice for Installation Application,
Distribution and Power Transformers

ANSI-C57 12.96

ANSI-C57 12.98 Guide for Transformer Impulse Tests

C2-1989 National Electrical Safety Code

235.1 Specifications for Accident Prevention Signs

National Electric Manufacturers Association (NEMA).

NEMA TRI-1974 Transformers, Regulators, and Reactors

National Fire Protection Association (NFPA) Publication.

NFPA 70

National Electrical Code
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2.4 Others.

IEEE 400-1980

NEESA 20.2 - 028Ba

OPNAVINST 5090.1

29 CFR

40 CFR 263

40 CFR 761

49 CFR 172

43 CFR 173

California CAC

Title 22,

Civision 4

PWC San Diego

MIL-P-28641

MIL-Q-9858A

ES-51334

IEEE Guide for Making High Direct Voltage Tests on
Power Cable Systems in the Field

PCB Compliance, Assessment, and Spill Control Guide
Environmental and Natural Resources Protection Manual
General Industry Safety and Health Standards

Standards Applicable to Transporters of Hazardous Waste
Polychlorinated Biphenyls (1979)

Hazardous Materials Tables and Communications Standards

General Requirements for Shipping and Packaging

Environmental Health
Utility Standards

Primer Coating, Vinyl Chlorine Acetate, Copolymer, High
Build (for steel and masonry)

Quality Program Requirements

3. TECHNICAL REQUIREMENTS

3.1 General. The transformers shall have low loss metal cores and shall be
three phase three-winding, self-cooled, dead front, suitable for installation
indoors or outdoors, or as specified in the attached data sheets in
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Appendix A. They shall have primary anc secondary compartments that shall
enclose all termination devices so that no live parts are exposed when the
transformer is energized. Unit substation transformer installations are exempt
from the dead front requirement. The transformer and installation shall meet
all applicable requirements of the ANSI, ASTM, NEC, and NEMA publications as
specified herein. The transformer shall be of new construction. The
successful bidder shall be responsible for all field modifications,
measurements, provide installation and checkout, and turn the transformer over
to the operations department, PWC San Diego, through the EG&G Idaho, Inc.
Resident Engineer, ready for operation.

3.2 Electrical Products. All materials, appliances, equipment, or devices
shall conform to the applicable standards of the Underwriter’s Laboratories,
Inc. (UL) and applicable chapters of the National Electrical Code (NFPA 70),
where such standards exist. A1l materials, appliances, equipment, or devices
shall be listed and/or labeled by UL, where such standards exist.

3.3 C(Condition of Products. Except as otherwise indicated, new electrical
products free of defects and harmful deterioration shall be provided at the
time of installation. Each product provided shall be complete with trim,
accessories, finish guards, safety devices, and similar components specified or
recognized as integral parts of the product, or required by the governing

regulations.

3.4 Uriforrmity. Where multiple units of a product are required for the
electrical work, identical products shall be provided by the same certified and
approved manufacturer without variations except for sizes and specific
variations as indicated.

3.5 Iest Point Observation. The successful bidder shall supply EG&G Idaho
with a fiow sheet for the manufacture of each transformer indicating all test
points. The successful bidder shall notify EG&G Idaho, in writing, of the date
that each test will be conducted at least 14 days before that test and will
admit EG&G ldaho and government representatives to witness the tests.
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3.6 Performance Requirements. Each transformer shall comply with the

following performance requirements as specified in ANSI-C57 12.00, except as
noted in the data sheet in Appendix A.

Transformer Rating As specified in Appendix A.

Auxiliary Cooling Forced air provisions, fan mounts, and
temperature sensor access points as a minimum
shall be provided for future. Refer to the
data sheets in Appendix A for special
instructions.

Primary Voltage As specified in Appendix A. Note special
dual voltage reaquirements.

Primary Connection As specified in Appendix A.
Frequency and Phase 60 Hertz, 3 Phase
Secondary Voltage As specified in Appendix A. Note special

dual voltage requirements.

Secondary Connection Wye connection with neutral to be brought out
through an insulated bushing with external
ground strap.

Temperature Rise 80°C, per NEMA TRI-1974
Taps - No-Load Minimum of five full capacity high voltage
taps (two 2 1/2% taps above and 2 1/2% taps

below normal voltage and tap position
indicators).
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Insulation Levels
Primary Voltage

Secondary Voltage

Coil Construction

Impedance

ES-51334

95 KV BIL for Insulation Class 15 KV and 75
KV BIL for Insulation Class 5 KV. Based on
specific voltage ratings, which are in the
data sheets in Appendix A.

30 KV BIL for Insulation Class 600 V. for
specific voltage ratings, see the data sheets
in Appendix A.

HV and LV windings shall be cast as separate
rigid tubular coils and arranged coaxially.
Transformers 300kVA and under may be
constructed using approved non-tubular
connected coils. Each cast coil shall be
fully reinforced with fiberglass cloth and
tape (or equivalent) and cast under vacuum in
a mold to ensure complete, void-free resin
impregnation throughout the entire insulation
system. Coils shall be supported by cast
epoxy bottom supports and spacer blocks (or
equivalent) and spring loaded top blocks (or
equivalent) and have no rigid mechanical
connection. Both primary and secondary
windings shall be copper or approved low loss
aluminum. Approval is based upon showing
optimal loss evaluation cost performance
values.

As specified in the data sheets in Appendix A
with the following guidelines:

1. The minimum allowable impedance for
transformers 750 KVA and above is 4.0
percent.

2. The minimum allowable impedance for
transformers 500 KVA is 3.5 percent.
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No-Load Loss

Load Loss

Sound Level

Core Mate-ial
(General)

Core Material
(Amorphous)

£S-51334 i
3. The tolerance is +/- 7 1/2 % except for |

the transformers with dual rated primaries
which shall have an impedance tolerance of 1
+/- 10 %.

The no-load losses (core loss) shall be
optimized per the evaluation formula provided
in the attached bid package/Request for
Proposal (RFP).

The load losses (winding losses) shall be
optimized per the loss evaluation formula
provided in the attached bid package/RFP.

Shall not exceed noise level per NEMA
standaras.

The core shall be assembled with low loss,
silicon steel sheets and shall be properly
braced and assembled. The specific type of
Tow loss silicon steel is to be determined by
the manufacturer to meet the lowest total
operating costs and optimize no-load losses.
However, the intent of this replacement
program is to install advanced technolc. -
transformers wherever it is economicall
feasible. The use of amorphous metal, .ser
etched steel, or other advanced technology
core material is encouraged in order to meet
low operating cosi criteria.

This section only applies to those devices

specified with an amorphous metal core. The

transformer shall be constructed of low loss
amorphous metal in a wound or stacked cc 2
design as designated in the RFP. The
complete core assembly shall be fully
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encapsulated with a protective coating of

approved material to eliminate sharp edges
and prevent flaking particles and to protect
the core from corrosive products. The
no-load loss shall be less than 45% of those
for comparable silicon steel core designs.

It is known that wound core is standard.
However, a few of the options in the data
sheets specifically require that stacked core
will be treated as a research project to get
a "new" technology unit. The other amorphous
core devices can be wound (or stacked) at the
manufacturer’s discretion.

3.7 Environmental Conditions.

Elevation 50 feet above sea level
Location Indoor/outdoor (See Appendix A.)
Temperature Range 0°C to 40°C

3.8 Accessories. The transformer shall have the following accessories as a
minimum. The accessories shall be constructed and located as described in
ANSI-C57 12.00.

. Elbow terminators, fuses, and 1oad breaker switches as called out in
Section 3.6, primary connection section, and per individual data
sheets in Appendix A.

. Dial type thermometer with alarm contact of sufficient capacity to
control the future fan contactor and an additional contact for a
future utility control system. Thermometer shall monitor the hottest
secondary coil phases.

. Tap changer (de-energized operation only).

. Lifting, moving, and jacking provisions.
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Stainless steel/aluminum nameplate with information required in
ANSI-C57 12.00 on the transformer exterior. (note: stainless steel
is preferred)

Ground pads.

A junction box shall be located on the transformer nameplate and
contain a terminal board for all electrical circuits entering or
leaving the junction box. The junction box shall have a hinged door
with a gasket and a handle with provisions for padlocking. A1l
electrical circuits from components mounted within the transformer
shall run to this terminal board.

An optional coil surface tempe-ature sensing thermocouple shall be
mounted in the prevailing transformer thermal hot spot for each
secondary phase coil. As a minimum, provisions for adding a future
thermocouple shall be provided even if the option for the coil surface
temperature sensing thermocounle is not added. Each thermocouple
shall be installed such that .. will preclude circulating air
influence. These three thermocouples will provide input to an
electronic temperature monitor. This instrument shall respond to the
hottest phase temperature and automatically display this reading. An
analog meter shall continuously dispiay the hottest phase temperature
and indicate individual phase readings or the maximum temperature
reached over a period of time. Light emitting diodes are not
acceptable. The highest temperature shall also be used to initiate
alarm and trip functions and is stored for future recall until the
maximum temperature memory is cleared. Fail safe alarm relay circuits
automatically actuate if supply power has been lost. Maximum
temperature can be recalled even if supply power has been

interrupted. A self-test procedure allows set points to be determined
and their operation verified. Alarm and trip set points will be
tested from the front panel. Open thermocoupie circuits are detected
and indicated, but do not affect instrument operation. Manual control
of alarm and test functions shall be provided. A1l input and output
connections shall be made to the terminal blocks on the back of the
instrument. The set points of this thermal device shall be

A-95




ES-51334

adjustable, and two sets of alarm and trip contacts shall be

provided. The alarm contacts on the temperature indicator shall be
factory wired and brought out to the terminal blocks on the exterior
of the transformer enclosure. The terminal blocks shall be mounted in
the junction box. A thermometer with a remote sensing bulb is not
acceptable. The thermocouple shall be removable without disconnecting
the electrical wiring. The temperature monitor system shall be
graduated in degrees centigrade and shall be tested at 200°C

before installing on the transformer. The thermally operated device
shall be coordinated with the transformer design and shall be
connected and set to function as follows:

- First stage shall be adjustable and set at 140°C temperature
at which the substation audible bell alarm is activated.

- Second stage shall be adjustable and set at 155°C temperature
at which the transformer is isolated by removing the electric
load and tripping all the power circuit breakers via the circuit
breakers’ shunt trip coils (by others in the future).

3.9 fEnclosure Construction. The enclosure shall be constructed of heavy gauge
painted sheet steel. A1l ventilating openings shall be in accordance with NEMA
and National Electric Code standards for ventilated enclosures. The base shall
be constructed of structural steel members to permit skidding or rolling in any
direction. Stainless steel enciosures for outdoor transformers are not
required, but optional prices for stainless enclosures are requested.

The core shall be grounded to the frame in accordance with applicable NEMA
and ANSI standards.

3.10 Paint. The color of the finished transformer shall be C37.20 federal
Standard 595 dark forest green enamel.

3.11 Miscellaneous Requirements.

3.11.1 Insulated Phase Barriers. Primary or secondary insulated phase
barriers shall be provided.
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3.11.2 Undercoating. Transformers, which have bases that come in contact
with concrete, shail have the underside of their bases coated with a corrosion
resistant coating that conforms to Military Specification MIL-P-28641 (or an
equivalent) with a minimum thickness of 4 mils.

3.11.3 Warning Signs. In accordance with ANSI Z35.1, warning signs shall

be provided for the enclosures of electrical transformers having a nominal
voltage rating of 500 volts or above.

3.12 Provisions for Fan Cooling. The transformer, 500 KVA or larger, shall

have provisions for future fan cooling (by others). As a minimum, fan mounting
brackets and dial thermometers with control contacts shall be provided.

3.13 Jesting. The following tests shall be performed in accordance with NEMA
TRI, ANSI-C57 12.91, and ASTM Standards as listed by the associated tests. All
testing, except the field tests, shall be done at the factory, and the
certified results shall be submitted to the buyer for approval before shipment
of the transformer. Field tests shall be performed unless specifically denied
by EG&G Idaho and shall also have certified test procedures and results if
opted by EG&G Idaho. A1l testing included in this Specification shall be
performed and costs must be included in the transformer purchase price.

The purchaser reserves the right to witness any or all tests, and the
vendor shall notify the purchaser 14 days in advance of the date for conducting
any test (see Section 3.5).

Field tests shall be conducted by representatives of the manufacturer and
shall be completed after the transformer has been set in place and before the
primary and secondary connections are made. These tests shall be as described
in Section 3.13.2.

The tests below shall be made on each transformer as a minimum

requirement. The order of listing does not necessarily indicate the sequence
in which the tests shall be conducted.
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3.13.1 Facteory Electric Tests.

10.

11.

12.

Coil resistance measurements of all windings on the rated vol‘age
connection and at the tap extremes.

Turns ratio test on the rated voltage connections.
Polarity and phase relation tests on the rated voltage connection.

No-load loss at rated secondary voltage on the secondary voltage

connection.
Exciting current at rated voltage on the rated voltage connection.

Impedance and load loss at rated current on the rated voltage
connection and on tap extremes.

Temperature rise tests under conditions specified in ANSI Standards
for transformers (typical temperature rise of the "exact" design may
be substituted with written approval).

Dielectric test.

Applied potential test.

Induced potential test.

Impulse test.

Partial discharge test (Note: this test is not covered by ANSI-CS7
12.91), test at 1.5 times the rated voltage and 400 Hertz (or equal).
If partial discharge does not extinguish by 110% of rated voitage, the
transformer shall be rejected. Optional standard factory test methods

must be approved by the Resident Engineer before they can be
substituted for this test.
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3.13.2 Field Jests. Field tests shall be performed as part of
installation. Test reports shall be certified for methodology and accuracy.

No-lcad loss as measured from the secondary winding at ambient
temperature (ANSI-C57 12.9). Record both ambient and top o0i)
temperatures. Conduct this test on both the existing transformers to
be removed and the new transformers. Record ambient temperatures on

the test reports.

Insulation power factor (Method Il ANSI-CS57 12.90, Section 10.9) Doble
Test or equal. (Insulation power fac*or to be 0.9 or less.)

Before energizing transformer, test transformer turns ratio (TTR) at
all tap settings. Megger all leads before connecting them to the
transformer and check the leads for grounds using a VOM before any
connections are made. Any lead with a Megger reading of less than
10 megohms shall be replaced.

4. QUALITY ASSURANCE PROVISIONS

Unless otherwise specified, the supplier is responsible for all
examinations and inspections as specified herein. The vendor shall maintain a
Quality Assurance Program in accordance with MIL-Q-9858A or an approved equal
during the performance of the contract, which provides adequate quality
assurance and control! throughout design, fabrication, testing, inspection, and
shipping of the transformer. The vendor shall provide the documents describing
the Quality Assurance Program and containing the procedures that will be
invoked to comply with the above. An Ins;-:tion and Test Procedure shall be
prepared and submitted to the buyer for a:;-oval. Final inspection and test
reports as required by this Specification shall be submitted to the buyer for
approval. The vendor shall maintain a calibration sys*em for the periodic
calibration of test instruments to standards traceable to the National Bureau
of Standards.

Vendor data shall be submitted per atic.ned "Vendor Data Requirements List"

(see Appendix B).
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5. PACKAGING

The transformer shall be prepared for shipment within the Continental
United States. A1l accessories shall be protected from damage. The
transformer shall be sealed to prevent entry of moisture or foreign materials
during shipment. Documents as indicated in Appendix B shall be required.
Shipping is the responsibility of the supplier as part of the total
in.tallation package.

6. SUBMITTALS

Within 30 days of receipt of the order, the vendor shall furnish the
purchaser all necessary outline drawings and weights of the transformers.

6.1 Shop Drawings_and Manufacturer’s Data. Shop drawings for transformers
shall indicate, but shall not be 1imited to, the following:

Overall dimensions, front view, interfaces with existing equipment,
and sectional views.

Ratings and sizes of lugs, impedance, taps, and fans.
Manufacturer’s published main secondary breaker and feeder devices at
each transformer to allow designer to provide settings, which will

ensure that proper protection and coordination will be achieved.

Complete list of parts and/or supplies with current unit prices and
source of supply.

6.2 Certified Laboratory Test Data. Certified copies of reports of all tests
shall be submitted as required.

6.2.1 Transformer Tests. Transformer test shall be performed in
accordance with the ANSI-C57 12.91 for dry-type transformers standard test code
and Section 3.13. Certified copies of test data for the tests shall be
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submitted and shall receive approval before delivery of equipment to the
proiect site. Field test data sheets shall be submitted within 14 days after

tes. .ompletion,
7. DEMOLITION AND CONSTRUCTION

7.1 Demolition and Construction General Requirements. The vendor shall
furnish technical personnel to be present at the site to perform, as a minimum,
the following tasks (see Appendix C). Permits for PCB fluid and transformer
casing transport shall be obtained by the successful bidder before removal.
Note that OSHA regulations require workers handling PCBs to be properly trained

and certified.

Request and have the operating Contractor (PWC personnel) de-energize
the existing transformers,

Test the existing transformers for no-load loss, record data, and
submit in writing to the Resident Engineer.

Orain the PCB fluid from each transformer into approved drums, seal,
and deliver it to the interim hazardous waste storage area at the
base.

Purge the transformer case with dry nitrogen gas and seal.

Remove anc  liver the transformers to the interim hazardous waste
storage are. at the bz e as designated by the Resident Engineer.

Provide and install new transformers and test per Section 3.13.2.
Request PWC personnel to energize the system.

Verify proper operation and turn the operating transformer o.vi= to
EG&G Idaho for remanding to PWC San Diego.

The EGAG Idaho’s Resident Engineer shall coordinate all outages and provide
interface between the successful bidders, installers, and the operating
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Contractor (PWC). PWC Code 640 is responsible for manifesting all PCB
(hazardous waste) activity, and PWC shall be contacted though the EG&G Idaho
Resident Engineer.

7.2 Draining. Service shall include removal, packaging, and transporting [to
a Defense Reutilization and Maintenance Organization (DRMO) hazardous waste
staging area] of the PCB or PCB contaminated fluid initially drained from the
transformers. DRMO waste shall be claarly labeled with the contents, level of
contamination, its source, and manifested by PWC Code 640.

The Subcontractor must review and comply with the minimum Qutline Spiil
Prevention, Control, and Countermeasures (SPCC) Plan procedure before draining
fluid from a PCB transformer (see Appendix D). Appendix D details the SPCC
requirements that the Subcontractor must observe.

7.3 TIransportation and Disposal. All hazardous waste material shall, as a
minimum, be contained in Department of Transportation (DOT) approved containers

from point of removal until delivered to final disposal site. The following
are methods of handling wastes and are subject to the requirements of 40 CFR,
Part 263 and 49 CFR, Parts 172 and 173 and shall be superseded if the
requlations are amended.

1. Drums shall be DOT approved for hazardous waste: 17E for fluids,
17H for porous solids, and 17H for rags and solvent.

2. Bulk containers shall be six sided, welded steel construction,
lined with a minimum of 10 mil plastic sheet, and watertight.
The container shall be handled by a truck specially fitted to
transport the container from generation point to disposal point.
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APPENDIX A
TRANSFORMER DATA SHEETS
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Transformer ldentification _(PWCES-0LD)

Location

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance

Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker
Maximum No-Load Loss

Maximum Full-load Loss

£S-51334

TRANSFORMER DATA SHEET

CC69-NEW *
BLDG 94 OUTDOORS
750/1000 KVA hulled

2.4/12 KV _DUAL habelel

DELTA

480 V

WYE -GROUNDED

5%

NEW 3 POLE 15 KV 600 AF/300 AT FUSED
SWITCH

PROVIDE TRANSITION CUBICLE TO NEW
SWITCH

PROVIDE NEW COPPER BUS CONNECTIONS

JO NEW SECONDARY SWITCHGEAR. PROVIDE
AND INSTALL NEW SECONDARY SWITCHGEAR
PER SKETCHES. (SEE APPENDIX E OF
THIS DOCUMENT.)

PROVIDE AND INSTALL NEW SWITCHGEAR
PER ATTACHED SKETCHES

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* This is a replacement of transformer PWC #68, an existing 500 KVA 3
phase 480 ¥ °CB transformer.

*w Supply fan to achieve higher rating.

***  Duyal voltage primary winding is an option. Regardless of whether
the option is exercised, the 2400 VAC primary must be supplied. 1If
the option is exercised then taps shall be provided for the higher

rating (12 Kv).
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TRANSFORMER DATA SHEET

Transformer Identification (OWZ70-000Y CCTT0-NEW *
Location BLOC &8¢
Size 200 KVa
Primary Voltage 480 V
Primary Winding Type DELTA
Seconcary Voltage 2087120 V
Secondary Winding Type WYE-GROUNDED
Percent Impedance 3.0
Primary Switch N/A
Primary Connection NEW FEED FROM NEW SWITCHGEAR
{SEE CCES)
Secondary Connections NEW CABLE AND CONDUIT CONNECTIONS TOQ
EXISTING Sw!TCHGEAR (2 places)
Secondary Breaker EXISTING BREAKER PER ATTACHEDR SKETCH
Maximum No-load Loss DETERMINED PER LOSS EVALUATION IN RFP
Maximum Full-lLoad Loss DETERMINED PER LOSS EVALUATION IN REP
* Consolidation replacement of existing PCB transformers (#70 and

#71). See sketches SD I, 2, and 3 for additional information.
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TRANSFORMER DATA SHEET

Transformer ldentification _{PWC1£-0LD) CC16-NEW *
Location BLDG 342

Size 112.5 KVA =
Primary Yoltage 2.4/12 KV _DUAL inliaied
Primary Winding Type DELTA

Secondary Voltage 480/277 V

Secondary Winding Type WYE -GROUNDED

Percent Impedance 3.0

Primary Switch NEW 3 POLE 15KV SOAF _FUSED

Primary Connection TRANSITION AND CABLE TO NEW SWITCH

Secondary Connections REUSE EXISTING --- SPLICE TERMINATION
FOR _CONNECTIONS TO EXISTING

SWITCHGEAR
Secondary Breaker REUSE EXISTING BREAKER -NO CHANGES
Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP
Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

| ]

Replacement of existing 112.5 KVA PCB transformer.

bkl Optionally propose and construct this unit with an amorphous stacked
core, as per specification.

***  Dual voltage primary winding is an option. Regardless of whether

the option is exercised, the 2400 VAC primary must be supplied. If

the option is exercised then taps shall be provided for the higher

rating (12 KV).
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TRANSFORMER DATA SHEET

Transformer ldentification _{PWC4E-0LD) CCAaB-NEW *

Location BLDG 473

Size 112.5 KVA

Primary Voltage 2.4 KV

Primary Winding Type DELTA

Secondary Voltage 208/120

Secondary Winding Type WYE-GROUNDED

Percent Impedance 3.0

Primary Switch REUSE EXISTING SWITCH

Primary Connection NEW TRANSITION TO EXISTING SWITCH

Secondary Connections PROVIDE AND INSTALL NEW SECONDARY
TRANSITION CUBICLE

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-lLoad Loss DETERMINED PER L0SS EVALUATION IN RFP

* Replacement of existing PCB transformer.
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TRANSFORMER DATA SHEET

Tran.former ldentification _(PWCA4E-DLD) CCAS-NEW _*
Location BLDG 472 QUTDOORS =+
Size 1500 KYA

Primary Voltage 12 KV

Primary Winding Type DELTA

Secondary Voltage 489/277 ¥

Secondary Winding Type WYE -GROUNDED

Percent Impedance 5.75

Primary Switch REUSE OF EXISTING SWITCH palialed

Primary connection

Secondary Connections

Secondary Breaker

Maximum No-lLoad Loss

Maximum Full-load Loss

NEW TRANSITION TO EXISTING SWITCH

COPPER BUS CONNECTIONS TO NEW

SWITCHGEAR

REUSE EXTSTING BREAKER AND SWITCH-

GEAR

Y w *

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED F:R LOSS EVALUATION IN RFP

* This will replace existing PCB 1500 KVA transformer.
*x Use corrosion resistant external packaging, NEMA 3R minimum.
provide optional ccst to include stainless steel rain cap.

***  Include cost proposal to replace these switches as an option.

A-113

Also




334

ES-51

b ORI NG
WY 1d 10 W MW

HVBO0US NOTL V3T ATH3A
(HY HOTLVO!I VA

3 IHYO-ISHV YL
UXMVALY LI NS

t-2aeds

. 10130

6861 AOHN

W0 YUOUY ) DMV HIOWI MOLE Y Uivad

OROAY

VIS

AINO NOLLYWYO4N

3avA0vd St NI

SHOTLJO SY 0AL1IT0S 38 TUM STIVSAJUEY (NINIIY WY
108 'QWINDY 10N S1 HYIOHILIMS

AYVONOOES ONV AUVIRING O THHEIDV I Y

YIHUOISHVHEL M3N S TIVIGHL O Ony
YAHHOASNVHL ONTESIX3 3l 3A0H Y
01 03u1N03Y 30 TUHM 3NvyD v 'LO0N

Q3uIN03Y SY ():)

1VI0713Y 9 01 SU33N 11INUROD Jk/E

a3sniy Jd o4
HILIMS UiV
Jiy 899
AUvHINg ONEISIX3

——

-
%&w._“%.xmsm_ 03SN3Y 39 04
ENCRYED HYIDHDLIMS
mEOEEINTEE AUVURODAS V1S
OHLESIXT

OVd 31380N0D ONE1SIXT

——
—

o

S

THIWVA 3L 3duOd vt g

s

A-114




Transformer Identification

Location

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance

Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker

Maximum No-load Loss

Maximum Full-Load Loss

£S-5133¢4

TRANSFORMER DATA SHEE

_{PWC2E-0LD) CC26-NEW *

BLDG 378-€ OUTDOOR

500 KVA

12 KV

DELTA

480/277 V

WYE-GROUNDED

5.75

REUSE EXISTING AIR INTERRUPTER SW'7CH
600 A

TRANSITION FROM EXISTING SWITCH

PROVIDE AND INSTALL NEW CONNECTIONS
JO_EXISTING SWITCHGEAR  EXTEND IF
REQUIRED

REUSE EXISTING 800 A SECONDARY
BREAKER AND SWITCHGEAR

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* Replacing existing 500 KVA PCB transformer.

No diagram provided.
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Transformer Ildentification

Location

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance

Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker

Maximum No-Load Loss

Maximum Full-Load Loss

* This unit is replacing an existing 1000 KVA PCB filled transformer.

ES-51334

TRANSFORMER DATA SHEET

(PWC27-0LD) CC27A-NFW *

BLDG 378-1

75071000 KVA fadod

12 KV

DELTA

480 V

WYE-GROUNDED

5.75

PROVIDE AND INSTALL NEW 15 KV CLASS

PRIMARY SWITCH AND NEW 12 KV FEEDER

TJRANSITION TO NEW SWITCH

NEW COPPER BUS CONNECTIONS TO NEW

SWITCHGEAR

P & I NEW SWITCHGEAR, SEE SKETCH
BREAKER AND SWITCHGEAR

DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* Supply fans to achieve higher rating.
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TRANSFORMER DATA SHEET
Transformer ldentification _(PWC27-0LD) CC27B-NEW

Location BLDG 378-1

Size 500 KVA *

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 208 V

Secondary Winding Type WYE -GROUNDED

Percent Impedance 5.75

Primary Switch PROVIDE AND INSTALL NEW SWITCHGEAR
SEE SKETCH

Primary Connection TRANSITION FROM NEW SWITCHGEAR

Secondary Connections NEW COPPER BUS CONNECTIONS TO EXISTING
SWITCHGEAR

Secondary Breaker REUSE EXISTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

No primary voltage taps are required on this transformer due to the high
current level. Note requested optional price for addition of standard
primary voltage taps on this unit in the pricing schedule.
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£5-51334
TRANSFORMER DATA SHEET

Transformer ldentification _(PWC&9-0LD)  CC49.NFW d

Location BLDG 48G-)

Size 1500 KVA

Primary Voltage 12 KV

Primary Winding Type DELTA

Secondary Voltage 4807277 V

Secondary Winding Type WYE-GROUNDED

Percent lmpedance 5.75

Primary Switch REINSTALL EXISTING PRIMARY SWITCH

Primary Connection CONNECT EXTSTING SWITCH

Secondary Connections NEW COPPER BUS CONNECTIONS T0
EXISTING SWITCHGEAR

Secondary Breaker EXJSTING SWITCHGEAR

Maximum No-Load Loss DETERMINED PFR LOSS EVALUATION IN RFP

Maximum Fuli-Load Loss DETERMINED PER LOSS EVALUATION IN RFP

* The existing PCB unit is already missing and will not have to be
handled as part of this changeout.

Note: This unit will be installed in an existing station. The installer
will have to remove an existing temporary transformer and place it
aside for removal by others prior to installing the new
transformer. The installer will also have to reinstall the existing
primary switch, which was disconnected while the temporary
transformer was installed. The existing temporary transformer is a
3750 KVA unit and will require an oversized crane to lift out and
set on the ground. This unit is nonPCB and will not require
additional handling.

No diagram provided.
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TRANSFORMER DATA SHEET

Transformer ldentification (PWC1-220.1,2-0LD) CC1-220-NEW *
Location BLDG 3796-3
Size 300 KVA

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent lmpedance
Primary Switch

Primary Connection

Secondary Connections

Secondary Breaker
Maximum No-Load Loss

Maximum Full-load Loss

2.4/12 KV DUAL hale

DELTA

280 V

WYE -GROUNDED

4.5

REUSE EXISTING PRIMARY SWITCH e A

PROVIDE NEW CABLE CONNECTIONS TO
EXISTING SWITCH

PROVIDE NEW CONDUIT AND CONDUCTORS TO
STING SWITCHGEAR

REUSE EXISTING SWITCHGEAR
DETERMINED PER LOSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

* This new three phase transformer is replacing three existing 167 KVA
single phase PCB transformers.

bl Dual voltage primary winding is an option. Regardless of whether
the option is exercised, the 2400 VAC primary must be supplied. 1If
the option is exercised then taps shall be provided for the higher A

rating (12 XY).

***  There are three oil-fused contactors which are feeding the
transformer to be removed. It is believed that the three contactors
are PCB-contaminated, and they should not be disturbed.
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TRANSFORMER DATA SHEZ

Transformer ldentification (PWC]-158-OLD) CC1-158-NEW *

Location BLDG 333-1 holod

Size 112.85 KVA

Primary Voltage 480 V

Primary Winding Type DELTA

Secondary Voltage 2087120 v

Secondary Winding Type WYE - GROUNDED

Percent Impedance 4.5

Primary Switch PROVIDE AND INSTALL NEW 480 V BREAKER
IN NEW SWITCHGEAR, SEE SKETCHES

Primary Connection SEE SKETCHES

Secondary Connections TJRANSITION TO EXISTING PANEL

Secondary Breaker REUSE _EXISTING

Maximum No-load Loss DETERMINED PER 0SS EVALUATION IN RFP

Maximum Full-Load Loss DETERMINED PER (OSS EVALUATION IN RFP

* This unit replaces the existing 112.5 KVA PCB transformer.

faad This transformer will be installed on a mezzanine located
approximately 30 feet AAF. Extra rigging and PCB handling efforts
will be required.
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Transformer ldentification

Location

Size

Primary Voltage
Primary Winding Type
Secondary Voltage
Secondary Winding Type
Percent Impedance

Primary Switch

Primary Connection
Secondary Connections
Secondary Breaker
Maximum No-Load Loss

Maximum Full-Load Loss

* This unit is replacing the e.isting 112.5 KVA PCB transformer.

—— - e

TRANSFCORMER DATA SH

(OWZ1-187-01m)

| giung
iy

CCL-YE7-NEW *

BTG ‘:‘-“2-1 *ar

=

112. 8 KVA

age Vv

RELTA

240 V

WYE

4.8

PROVIDE AND TNSTALL NEW 480 V BREAKER

IN NEW SWITCHCEAR, SEf SKETCHES.

StE SKETCHES

TRANSITION 7O EXISTING PANEL

REUSE EXISTING BREAKER

DETERMINED PFR 10OSS EVALUATION IN RFP

DETERMINED PER LOSS EVALUATION IN RFP

*h This transformer will be installed on a mezzanine located
aporoximately 30 feet AFF.

will be required.

A-125

Extra ricging and PCB handling efforts



-

EEE ORI Y 1 ELEQS
IV U et

WINVZZ W ONTESIXT 6861 10 o _
- Tt otmeT s vy,

WVHOONA HOEIVUL VA (v |7 \
CHEVIL A 8 B0 ISHVAL A faan

() mvady 09310 WS

[EAN B
18wt SUAHHOJSNYEL 3T 35311 MM UIIVIDUSSY SHIDIIMS
e e e = AVHING A 88vZ i1 JAOWIY LLE 0018 30 ¥IINID NI
N s U T A v o) SUWIX M ¥ S NOHIVI0T 03S0J0MJ SMNYZZ3H HOWS SUMUOISNVEL ONTISIX3 Sauil JAOK Y

BV ION

1334

£S-5

ABVC O Y TABGE N0 TAREY
(T2 AT

WA GHLESTA | ) e
POt (MG M

[ 7 mva aewt ]

[ Vmvd s ]

SV Vg OHILISIX Y 35S0

3 T[0T IN

1ivd

O 4 S4B
LIV ESHE Gnv JJUEAOUd

SHIGNOD AW
ALY ISHL HILTA SY 1S ABURE ¥

ONTESINT L O

A3vd AUBY ONIELSIX3

YIHNO ISRYHEE OH)1GIX3 03 X0U 31 WS WOl )
CEIVOOHD NOURVAOY OV gv])
AV (Y
SHINVZZ 30 231 B D (13IVO0 1 X0y LIS
HIOY SY-WHYO JONVHL Onp Sy
I HOYS SUITE A QBRC OHTILTF 4 JAOK

\
G-0-O}-\[0-0-0]-,
1}
L I .l I NG S S
L PR Hm 430 1onvut |
—§ Avvesoove | || AvecsomvT | NOLIVISENS Lm0 ]
1 vargen vAx GCll ABUY /68T N
auskxa |y HH ONLLSIXT | VAX BUE 9NILSIXT l.& UYL ABBFT HIIM
- = - —— == Tigv 1 NIV Y 0L
| ] T & 301 S ONILSIXT

JO0Y¥ HONS SUIvIS

A-126



ES-E51334

(e oHlu NG T EEEUS
. .D.wb
v i 10 W WVIIII313 cmc_ AN >l—7h© Zc—h<<‘zo&z“
e e e 1v0
AR UIWING3Y 38 THM
a0 IOLIVOL A (1Y \ SINONEIITL ONIDNY IDIJS OWY I3V BE
HOLLVOL HY A Y BIHOJOHVEL |~ hvddoso B1-6/€ 01 'WOMS MIN HOH4 ONJdNS ALVHIXO8JIY 011VD0 ) 5] SHINVZZ3H il 10N
. VS o 38 VUM SHOLUNONOD MEN OHV BGS XOHJSdY 51 HEONIT
U MvAUY G310 RVS ' _fc -l TN HOLINONOD V104 'SHINCNGD b ONHISEXT 3H1 0L
T s WOLLHIA OONINE SZE ST NY =X} HIONT'Y T VHIXOUIIY
Y 1 R LB ...e:.._ fakiand \? \w IV ZF X8IV LINONOD 31N0YN 01314 THO ZH ) [y
- m 4 CISVH/0MD) SHOLDNGH0D WOMBUE-9 HIIA
() 1IN0NOD o0 MIN € TIVISHE OV JUIAOYY
S YUY NOLLVY3J0 SHYHD OV 3A0

IOV S @1-6/€ MIIA 395 ——— e .42 Y Y

SHIOD b YNILSIX3 -
v )
X080 NOHIOWY MM VIVISHE (WY 3OIAGHd -~
€EC 9018 01 0334 . 4 i . / i .
Adgy Mt O3 DAY (HYISE HIUON AYG O KITAQH4 y; P y; P Y ‘Q319340Y 10N S)
8 6/C UVd HOY S SIIOLNOD b ONIISIXI OML HSN — - . / ’ / INTWJINDT YO/ONY SINVED DNIISIXT X0
Y . / / y NOLIVY3J0 1V HOOIS 31008 U314
FEC DO 01 SUINGHOD b ONILSIX] / ’ , ’ 66 QUM WOUJ Us3J ABSy M ~
OIb S11UY) MM T IVIGNE Y uc;sax , ’ y s / 4 o~
d / / / / / .I..
- 7 Ve /7 7/ / <L
J R / / / 7/
y P P P HOMS MM WO AbviIYd 0333
NOLLISHVYEL b MO — / s’ / Vs s UiX ABU ABHZ /86 YAX ST
/ 7/ / / V4 M3N TIVISHT UNY 3UIAO¥d
S Ve Ve / 7/ Ve
/ /7 Ve Ve 7’ .
’ ’ ’ s YOMS MIN WOYJ AbvHINd 033
s 7 7 7 4 YW X AW ABBZ/€BF YAX STIY
Vva L7 d , ,7 ,7 o~ M3 CVIVISNI ONY 3UTAOUJ
onned oin | w3 ing , .
P R A A OHIOUNG NI 03100 ) 13A3T ILVIO Y3 _
N 7/ / Ve /
Tivipnl uny LC:A W y; y Y P y
- Ve v Ve 7 Ve
_ _ P , , , ; | £-EE608
o L , , , , cac M0 345 |

QOIING O 13A3 . UVIOBILN]
\:Ili)lm_lﬂamimmfﬂ!!\li‘? 44v 1004 ,v_ NO 13MYd 31VI0 T TIENVY A smv
ONLISIXT 360 ONY SHIHO ISNYYL A0 MON

OM) (3333 03 ¥a8 NIVH 1VOSe HIIM AuvBy
HVIDNIDEEIAS MO 1IVISHE URY SUIAQHY

—— -

1INV AGBY ONILSIXI
TVHYd ABRT ONEISIX3
Vg AURE OHIISIRS




£ES-51334

Lee Oula ing
‘uvid
RNV NN

WVHOOUS HONIVOLIVA OHY
WLV YA . INU0 ISHVY)
UnvAUY 09310 NvS

£ €eeas
it

busl 100

8 W

LGOI YRUYY | UERARG IOLIYN vl

4 use £\ X ~y L
SR e

vy

KIND NOLLYWY

WIMS MIN 0L

NOTLV VIVISHL MIN--MIIA NV SBHINVZZEH

OHO TH 3 B/7THF NLIM O 39 Vivis G334 HOV3
ABYZ/0UF NG (NV ABOZ/08 3NHO

SUINHO-ISRVYL A¥O MIH OML 01 SO33d

ABBY M3IN HOVI OML TIVISN] (hy 3IA0UJ

OHOZH ¥ HOMEBSHY NILIM Db
T1Rvd ABBY ONIISIX3
01 ¥OMS M3 WOYd 0334

ABBY MIN TLIVISHL UMY ZXIIAOYJ

o~

04NI

L

GHOTH 3 B/7VHE HITM O " 1ENVd ABKT
ONIISIXG O U433 M3 1 visi Guv 301IA0Ud

U X
AGY 708y
YAAGC)

MEiN

VINVH ABVZ

I

U IX
ABOC /08¢
VAXSZI)
MM

“ERVd NGB ONIISIXT

T3NYd ¥3d OM1 'S IMISSY
M3N TIVISHL UNY HIAOYJ

STAVY Ik ¥OI
LHOJINS 13vd 1Y) SIN

008 HOY4 SHIVIS

(HOCH 3 074 b HIIA D6 TV ABOT
ONFLSIX3 O U334 M 1 IVISHE Uy 3UIAOY

A-128




£ES-51334

EEC ouig ingd

[ b LEEWUS

. OIS

6uLE AOH

HVHOVIOQ 3hE -0

HYHOOYJd NOLLYOLTWYA Ohy
NOLLVOS JIYIA Y- IHO ISRV
(30HvAQY 00310 NVS

39 wnva)

LOIVIUUY ) (MWA 30O INOLLYN G ivae

zaowomm___\w

M3

OnLLSIX3

3 3T :0 A
ATNO y
NO NOILLYWYOINI
FEHivd ABKT  1Vd ABBZ  1INVd ABBY
oo ouisixd omiisix3 . OnLIsIx3
[ [} [] [ ]
NIRRT R T Y R}
o0 e -0 O
R
oNIISIX3 ! N ' i
. SR PR OO, YU B OO0, PO
ABHZ /08 ABBZ /08
WX YAX WX YAX
el M ...7 m,nm_ B.H.J_ : L
:m:: s ( 1veec (
L ]
, 1vees/3vees
AN )
HVIOHDLIMS
AUVOHODHS P3N b= -eemmmemmemsecfmeemeoanoccetene
LEE 5078 01 @1-6/€ Ovd
HOUJ U333 A @8y MIN
o1 66 1y udvaul
JE/ 1YY/ B9 M

ONIISEX3

N30 OHLLSIX3

TENYd ABKE

A3vd ABeC
ONIISIX3

3ivd ABBY
ONILSIXT

YAX SZH

u: ONIISIX3

YAX 886
ONILSIX3

ONILSIX3 u;
|

0334 AXP'T UNLLISIXT

A-128



APPENDIX B

VENDOR DATA REQUIREMENT LIST

A-130




£S-51334

APPENDIX B
VENDOR DATA REQUIREMENTS LIST
* No.of *
When Copies Reference| Approval
Description Required| Required| Paragraph| Req’d.by
1. Drawings, sketches, schematics BC 12 NA R] AB/DE
and other data shall be
submitted with the bid
sufficient for evaluation of
contract proposal.
2. Quality Manual and Procedures BC 12 4.0 R{ AB/DE
3. Inspection and Test Procedures BFR 12 3.2, 3.10{1| AB/DE
4. Inspection and Test Results PS 12 3.10 {R| AB/DE
5. Maintenance manual which ) 12 5.0 1| AB/DE
includes as a minimum:
installation instructions,
operating instructions,
preventive and corrective
maintenance tasks, the
frequency of each task, the
tools, equipment, and
procedures with special
emphasis on safety precautions
for the accomplishments of
each task.
6. Priced spare parts list and PS 12 5.0 1! AB/D
recommended spares.
7. Guaranteed performance data PS 12 5.0 1| AB/DE
and name plate data.
3. As-built shop drawings schema- PS 12 -5.0 R| AB/DE
_ tics and wiring diagram.
9. Installation schedule. PS 12 5.0 AB/DE
10. PCB fluid disposal plan and PS 12 5.0 AB/DE
certification.
11. Spill Prevention, Control, and BFR 12 NA R{ AB/DL
Countermeasures Plan
12. Certification for Hazardous PS 12 NA R| AB/DE
Waste Handlers
* BFR = Before Fabrication Release * BC = Before contract is awarded
* PS = Prior to Shipment ** R = Required
** 1 = Information Only ** AB = Approval By Buyer
** DE = Approval By Design Engineer
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APPENDIX C

CONSTRUCTION DETAILS
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CONSTRUCTION DETAILS
ELECTRICAL GENERAL PROVISIONS
PART 1 - GENERAL
DESCRIPTION OF WORK:

Summary: The electrical work can be generally summarized in the following
manner, but this is not by way of limitation:

. Obtain pe-mits for moving hazardous waste.

. Check and mark phase rotation before de-energizing system.

. Have PWC personnel de-energize the existing transformers.

. Test existing transformer for no-load losses. Drain the PCB

fiuid from each transformer into standard DOT approved drums and
deliver it to the interim hazardous waste storage area on the
base as designated by the Resident Engineer (all work shall
comply with OSHA and EPA regulations).

. Purge the t--nsformer case w.th dry nitrogen and seal.

. Deliver the existing transformer to the interim hazardous waste
storage area on the base (comply with OSHA and EPA regulations).

. Provide and install new transformers.

. Connect new transformers and test.

. Request PWC personnel to energize the system.

. Verify proper operations and turn the operating transformer over

to EG4G Idaho, Inc. for remanding to PWC San Diego.
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PART 2 - MISCELLANEOUS AND ANCILLARY PRODUCTS
GENERAL:

Furnish all labor, materials, equipment, and appliances required to complete
the installation of the complete electrical systems. All labor, materials,
service, equipment, and workmanship shall conform to the applicable chapters
of the NEC (NFPA 70) and other authorities having lawful jurisdiction
pertaining to the work required. All modifications required by these codes,
rules, regulations, and authorities shall be made by the Subcontractor
without additional charge to the Contractor.

Underwriter’s Laboratories (UL): Al]l materials, appliances, equipment, or
devices shall conform to the applicable standards of UL where such standards
exist. All material, appliances, equipment, or devices shall be listed
and/or labeled by UL where such standards exist.

Completed electrical system shall conform with applicable provisions of the
Special Conditions, the Technical Specification, and the attached subcontract
drawings.

CONDITION OF PRODUCTS:

Except as otherwise indicated, provide new electrical products, free of
defects and harmful deterioration at the time of installation. Provide each
product complete with trim, accessories, finish guards, safety devices, and
similar components specified or recognized as integral parts of the product,
or required by governing regulations.

UNIFORMITY:
Where multiple units of a product are required for the electrical work,

provide identical products by the same manufacturer without variations except
for sizes and similar variations as indicated.
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PART 3 - EXECUTION:

COORDINATION OF ELECTRICAL WORK:

General: It is recognized that the subcontract documents are diagrammatic in
showing certain physical relationships that must be established within the
electrical work and in its interface with other work, including utilities and
mechanical work, and that such establishment is the exclusive responsibility
of the Subcontractor.

Arrange electrical work in a neat, well-organized manner with conduit and
simila- services running parallel with the primary lines of the building
const .ction and with a minimum of 7 feet overhead clearance where possible.
Locate operating and control equipment properly to provide easy access and
arrange entire electrical work with adequate access for operation and
maintenance.

RESIDENT ENGINEER:

The EG&G Idaho Resident Engineer w1l ensure that the installation complies
with drawings, specifications, and witness testing.

TRANSFORMERS
PART 1 - GENERAL
W2 2K DESCRIPTION:

Provide and install trar:formers of sizes, ratings, and types as shown on the
referenced data sheets and engineering specification.
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PART 2 - PRODUCTS
MATERIALS:

The transformers shall be as shown on the attached data sheets and shall be
installed at the location indicated on the drawings.

The transformer enclosure shall be suitable for the environment that the
transformer is installed in.

PART 3 - EXECUTION

INSTALLATION:

Install transformers as indicated on the drawings and in accordance with
manufacturer’s written instructions, applicable requirements of NEC and the
NEC Association’s "Standard of Installation,” and complying with recognized
industry practices to ensure that products serve intended functions.
TESTING:

Visually inspect to determine that equipment installation conforms to NEC,
these specifications, and the drawings and testing as described under the
testing section of the specification.

GROUNDING

PART 1 - GENERAL

WORK DESCRIPTION:

Provide and install grounding on all transformer cases and tie into the
existing grounding system.
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PART 2 - PRODUCTS
MATERIALS:

Grounding electrode wire shall be a minimum of No. 2 AWG bare stranded copper
and comply with NEC Table 250-94.

Ground grid welds shall be made by the Thermit process.

PART 3 - EXECUTION

INSTALLATION:

Install a complete grounding system for the transformers in accordance with
applicable requirements of NEC and complying with recognized industry
practices to ensure that products serve intended functions and comply with
requirements. All exposed noncurrent-carrying metallic parts of electrical
equipment, conduits, grounding conductor of nonmetallic sheathed cables, and
neutral conductor of the wiring system shall be grounded.

Exothermic Welds: Exothermic welds shall be made in accordance with the
manufacturer’s written recommendations. No mechanical connector is required
at exothermic weldments.

TESTING:

Visually inspect to determine that ground installation conforms to NEC, these
specifications, and the drawings.

CABLE, WIRE, CONNECTORS AND MISCELLANEOUS DEVICES
PART 1 - GENERAL
WORK DESCRIPTION:

Provide and install conduit systems, cables, wires, and wiring connectors of
sizes, ratings, materials, and types as shown on the drawings.
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PART 2 - PRODUCTS

WIRING MATERIALS 5 KV AND 15 KV CLASS:

A11 5 KV and 15 KV cable shall be shielded and properly terminatea. Cable
shall be EPR MV-90 shielded cable and shall have a 133% insulation level.

HIGH VOLTAGE SPLICES:

Splices in high voltage cables. Splices shall be suitabie for continuous
immersion in water and shall be made only in accessible locations in
manholes.

Certification. High voltage cable splicer/terminator certification of
competency and experience shall be submitted 30 days before splices or
terminations are made in high voltage cables. Splicer/terminator experience
during the past 3 years shall include performance in splicing and terminating
all cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shall be made using a "kit," which shall
be the product of one manufacturer and shall have the approval in writing of
the manufacturer of the cable that is to be spliced. The Contractor shall
provide for continuous submersion in water.

Heat-Shrink Method. A1l splices for 600 volt and less cables shall be done
by the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing
rated for sealed underground connector systems. Tubing shall be available
uncoated, or with a thermopliastic adhesive-sealant that adheres to PVC,
neoprene, polyolefin, and EPR aluminum or steel.

Splices in High Voltage Cables. Splices shall be suitable for continuous

immersion in water and shall be made only in accessible locations in
manholes.
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Certification. High voltage cable splicer/terminator certification of
competency and experience shall be submitted 30 days before splices or
terminations are made in high voltage cables. Splicer/terminator experience
during the past 3 years shall include performance in splicing and terminating
cables of the type and classification being provided under this contract.

Kit Methods. High voltage splices shall be made using a "kit," which shall
be the product of one manufacturer and shall have the approval in writing of
the manufacturer of the cable that is to spliced. The contractor shall
provide the Contracting Officer or Contractor’s Quality Control
representative with a copy of the manufacturer’s instructions before splicing
is started. Splices shall be made only in manholes.

Splices in Shielded Cables. Splices in shielded cables shall include
covering the spliced area with metaliic tape, or like material, to the
original cable shield and connecting it to the cable on each side of the
slice. Provide a No. 6 AWG bare copper ground connection brought out in a
water tight manner and ground to a 3/4 inch x 10 feet ground rod as part of
the splice installation. Wire shall be trained to the sides of the encliosure
in a manner to avoid interference with the working area.

Phasing and Rotation. Contractor to record the phasing and rotation of the
existing electrical system before cable splicing, cable removal, termination,
and/or any work that could alter the phasing and rotation of the system.
After completion of the work and before connecting any load to the system,
the contractor shall verify that the phasing and rotation is as it existed
and has not been altered.

WIRING MATERIALS, 600 V CLASS:
Conductors shall be stranded for all sizes of wire and cable.
Conductors shall be copper for all sizes.

Wire insulation shall be type THHN/THWN for all 600 volt conductors unless
otherwise noted.

c-8
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Minimum size of power conductors shail be No. 12.

Splices for 600 Volt Cables. Splices in underground systems shall be made
only in accessible locations, such as manholes and handholes, using a
compression connector of the conductor and by insulating and water proofing
by a method suitable for continuous submersion in water.

Heat-Shrink Method. Al1l splices for 600 volt and less cable shall be done by
the heat-shrink method. Provide heavy-wall heat-shrinkable splice tubing
rated for sealed underground connector systems. Tubing shall be available
uncoated, or with a thermoplastic adhesive-sealant that adheres to PVC,
neoprene, polyolefin, and EPR aluminum or steel.

CONNECTORS:

Compression and/or lug type connectors, such as "Burndy", shall be used for
splicing No. 6, and larger 600 volt cable.

High Voltage Cable Terminations. IEEE 48, Class 2. Except as otherwise
indicated, terminators for extruded insulation nonmetallic jacketed cables
shall be porcelain insulator type. Apply terminator to single conductor
cables or to each conductor of multiple conductor cable that are to the
weather. Terminator shall not exude any filler compound under either test or
service. The terminator shall consist of a porcelain insulator, cable
connector-hoodnut assemble, and aerial lug, as required, metal body and
supporting bracket, sealed cabie entrance, and internal stress relief device
for shielded cable, and insulating filler compound or material.

Terminator, Modular, Molded Rubber Type. IEEE 48, Class 2. Provide
terminator as specified herein for terminating single conductor, or the
single conductor of multiconductors, solid insulated, nonmetallic jacketed
type cables for service voltage up to 35 KV outdoor. The terminator shall
consist of a stress control, ground clamp, nontracking rubber skirts,
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crimp-on connector, rubber cap, and aerial lug. Provide heat-shrinkable
elbow sealing adaptor as shown on plans, allowing the metallic cable
shielding to be externally grounded and sealed. Separate parts of copper or
copper alloy shall not be used in contact with aluminum or aluminum alloy
parts in the construction and installation of the terminator.

Wire/Device [dentificaiion: A1l cable sysiems, major conduits, and devices
shall be permanently marked. Conduits shall have stainless steel tags at
every 60 feet or where wall or building penetratiors occur. All conductors
shall be identified with seif-adhering oil and moisture resistant vinyl
labels, covered with clear heat shrink tubing or white heat shrink tubing
with black typed on letters with nonsmearing ink as manufactured by Brady,
T&B, or approved equal. Hand lettered labels shall not be used. All
conductors shall be clearly marked with the proper phase identification.

CONDUIT SYSTEM:

A1l conduits shall be RGS or IMC with exception of underground, which can be
PVC, and which shall be 3 feet minimum below grade and encased in 2 inches
minimum red concrete. A)] bends must be RGS or IMC. Conduit systems shall
be completed per the NEC.

PART 3 - EXECUTION
INSTALLATION:

General: Install electrical cable, wire, and connectors as indicated on the
drawings, in accordance with the manufacturer’s written instructions,
applicable requirements of NEC and NECA’s "Standard of Installation”, and in
accordance with recognized industry practices to ensure products serve
intended functions.

Pull conductors together where more than one is being installed in a raceway.

Do not exceed the conductor manufacturer’s recommended pulling tension or as
specified in the IPCS Handbook. Use pulling compound or lubricant, where
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necessary; compound must not deteriorate conductor or installation. Tension
shall be monitored when pulls involive more than 40 feet or when 3 or more 90
degree turns are in the system.

Use pulling means in-luding fish tape, cable, or rope which cannot damage
raceway.

Install splices and taps in an accessible junction box that has mechanical
strength and insulation rating equivalent-or-better than conductor.

Use splice and tape connectors that are compatiblie with conductor material.
TESTING:

High Potential: After installation and installing stress cones, all 15 KV
cable shall be tested at twice the normal operating voltage plus 1000 volts.
The test duration shall be 15 minutes on each cable. See IEEE standard
400-1980 (Itc ~vide for making high-direct-voltage tests on power cable
systems in the field).

Meggering: Before terminating, test all cable or wire for insulation
resistance with 500 volt megger. Any wire with less than 10 megohms to
ground or other conductors shall be replaced before proceeding with the
terminating. List conductors tested on required test data submittal sheet.

ELECTRICAL CONTINUITY AND PHASE ROTATION:

After conductor connectors are installed and conductors are labeled, but
before termination to terminals or devices, an electrical continuity test
shall be performed on each conductor using a battery powered buzzer or
ohmmeter to determine that all power, control, grounding, and other
conductors are properly installed and identified. List all conductors tested
on required test data submittal sheets.

After initial energizing of the transformer, check for proper phase rotation.
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APPENDIX D

OUTLINE SPILL PREVENTION, CONTROL, AND COUNTERMEASURES PLAN
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OUTLINE SPILL PREVENTION, CONTROL, AND COUNTERMEASURES PLAN

MINTMUM SPILL PREVENTION REQUIREMENTS

The following shall be performed before the start of and during any
fluid removal from a liquid cooled transformer (i.e., PCB filled, oil
filled, or silicone filled).

a. A layer of 6 mil polyethylene sheeting shall be placed around the
transformer.

b. If drains are present, measures will be taken to eliminate the
potential for any fluids from entering the drains. This
includes, but is not limited to, constructing a dike, trenching
around the drain, and/or plugging the drain.

¢. Before pumping the fluids, all hoses shall be inspected for any
holes, cracks, or deterioration. Fittings shall be inspected to
ensure a proper connection. Any gaskets utilized in the pumping
operations shall be inspected for integrity. Approved hoses,
pumps, and gaskets shall be used.

d. Drip pans shall be placed under pumps and connections.

e. Pumps and hoses shall be positioned so as to minimize any
tripping hazard.

f. Personnel will monitor the pumping operation at all times.

g. An adequate supply of absorbent materials and cleanup equipment
shall be readily available in the event of a mishap.
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This includes the following, but not limited to:

Shovels

Brooms

DOT drums: 17E, 17H, and 85 gallon recovery drum
Ample supply of rags

Vermiculite (Speedi-Dry)

Absorbent booms and/or absorbent pads

Assorted corks, plugs, and emergency seals
Material Safety Data Sheets (MSDS).

0 ~N O U B W N

h. All safety equipment shall be inspected before use.
CONTROL

In the event of a spill or leak, the following procedure shall be
implem..ted:

a. Stop the source of the spill. Below is a list of probable source
of spills when working with liquid cooled transformers, and the
remedial action to be taken to eliminate the problem.

Source 1. Transformer

1. Location of leaks: valves. Remedial action: plug valve
to reduce or stop spill. Pump fluid below valve and replace
faulty valve.

2. Location of leak: bushing. Remedial action: Pump fluid

below bushing level. Replace gaskets, or if necessary,
replace bushing.
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3. location of leak: tank wall or radiator pipe. Remedial
action: pump fluid below Tevel of leak and either epoxy or
weld close the leak source. If the source of the leak is
small, a vacuum can be pulled on the transformer before
applying the epoxy sealant or welding. Pulling a vacuum on
the transformer eliminates the need for any pumping
operations.

4. Location of leak: tap changer, ligquid level gauge, or
temperature gauge. Remedial action: remove fluid below
Jevel and replace packing material, gaskets, or thread
sealant where applicable.

Source 2. Pumps or Hoses

Remedial action: Stop all pumping operations and place apparatus into an
adequate container to capture any fluids.

Source 3. Drums

Remedial action: In the event that the drum is seeping at the seams, the
fluid shall immediately be transferred to another drum. Should a drum
rupture or become punctured, an oversized recovery drum will be used. The
recovery drum is placed over the top of the leaking drum. Then, the
recovery drum is placed upright, containing the leaking drum.

b. Stop the migration of any spilled fluid. This can be done by
placing the berm around perimeter of the spiil. A berm can be
constructed using any type of absorbent material, i.e.,
vermiculite (Speedi-Dry), sand, rags, absorbent boom or pads.

c. Solidify any free standing fluid.
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d. Safetv apparel shall be worn when dealing with spills involving
PCB fluids.
COUNTERMEASURES

The countermeasure operations are the cleanup and disposal of all
contaminated material that is a result of the spill. The primary goal of
all cleanup activity is to maintain a safe environment.

a. Cleanup

1.  Fluids: If the volume of fluids is great enough to where
solidification is impractical, the liquid shall be pumped
into DOT 17t drums. These drums must be properly labeled
and dated.

2. Solids: Any porous solids (soils, asphalt, wood, paper,
etc.) contaminated by the spill shall be placed into DOT 17H
(removal head) drums. These drums must be properly labeled
and dated.

3.  Major Spilis: In the event that the spill exceeds the
control and cleanup capabilities that are onsite, an outside
contractor, who specializes in environmental cleanup and has
all permits and licenses required, must be contacted. This
contractor must be equipped to handle various types of
spills.

Analysis. During the cleanup operations, sampling, and analysis
must be performed. The analytical data are needed to present an
accurate picture of the following:

1. The extent of the spill

2. The effectiveness of the cleanup operations
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3. The point in time when the environment has been
decontaminated.

Disposal. The disposal of all contaminated materials must be in
accordance with the applicable EPA regulations (40 CFR 761).

A1l work will be inspected by the EG&G Idaho, Inc.
representative.

Transportation of hazardous waste to the disposal site shall
conform to 40 CFR, Part 263. All Federal, state, and local
permits and labeling and approvals shall be completed before the
shipment of waste from the transformer site.
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SWITCHGEAR SPECIFICATION

1.0 GENERAL

Provide and install switchgear with the transformer as referenced in the
data sheets. The switchgear shall consist of one or more enclosed
vertical sections joined together to form a rigid, free standing
assembly. The construction of the switchgear shall meet the requirements
of the NEC.

2.0 PROBUCTS

600 Volt: Switchgear shall be suitable for operatian for 480 volt, 3
phase, 3 wire, 60 Hertz grounded service.

Vertical Sections: Vertical sections shall support the horizontal and

vertical buses, covers, and doors, and shall be designed to allow for easy
rearrangement of units. Vertical sections shall have structural
supporting members formed of a minimum of 13 gauge hot-rolled steel. Al)
finished surfaces shall be blemish-free. Each section shall be 90 inches
high and shall have 7 gauge steel, 3 inches high, removable 1ifting angle
and two 1-1/2 inches high base channels. Complete control center lineups
<~all be divided into shipping splits no wider than approximately 60
inches. A lifting angle shall be provided on the top of each shipping
split and shall extend the entire width of the shipping split. Lifting
angles shall be designed to support the entire weight of the switchgear
and shall have access points or 1ifting eyes to facilitate handling. Base
channels shall be provided with holes to permit bolting the switchgear to
the fioor. The entire assembly shall be constructed and packaged to
withstand all stresses induced in transit and during installation.
Switchgear shall be designed so that matching vertical sections of the
same current rating and manufacture can be added later at either end of
the lineup without use of transition sections and without difficulty.
Removable end ciosing plates shall be provided to close off openings on
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the end of the lineup. A removable top plate shall be provided on each
vertical section and shall be of one piece construction for added
convsnience in cutting conduit hoies. The design shall allow use of the
stancard conduit entrance area without significant sag or deformation of
the top plate.

Vertical sections shall be designed to accommodate plug-on units in
front-of-board construction. Vertical sections housing plug-on units
shall be 15 inches deep.

Vertical sections shall be provided with both horizontal and vertical
wireways. Sufficient clearances shall be provided in the horizontal
wireway so that no restriction is encountered in running wires from the
vertical to horizontal wireway. Wireways shall be in accordance with the
wireways section contained in this document.

Horizontal Wireways: Horizontal wireways shall be provided in the top and
bottom of each vertical section and shall be arranged to provide full
length continuity throughout the entire assembly. The top horizontal
wireway shall have a cross sectional area of not less than 20 square
inches with openings between sections of not less than 11-1/2 square
inches. The bottom horizontal wireway shall exterd through the length and
depth of the 11-1/2 square inches to allow for full length continuity
throughout the entire assembly. The bottom horizontal wireway height
shall be not less than 9-1/4 inches. Covers for all wireways shall be
equipped with captive type screws to prevent loss of hardware during
installation. A1)l wireways shall be isolated from the bus bars.

Vertical Wireways: A vertical wire trough shall be located on the

right-hand side of each vertical section and shall extend from the top
horizontal wireway to the bottom of the available unit mounting space.
fach vertical wire trough shall have a cross-sectional area of not less
than 19 square inches and shall be isolated from the bus bars to guarc
against acc‘dental contact. A <eparately hinged door having captive type
screws shall cover the vertical wire trough to provide easy access to
control wiring without disturbing the unit.
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Reusable wire ties shall be furnished in each vertical wire trough for the
purpose of grouping and securely holding wires in place for a neat and
orderly instailation.

Bus Bars: A continuous main 3-conductor horizontal bus shall be provided
over the full length of the switchgear. When necessary, the bus shall be
split to allow for ease in moving and handling. Splice bars will be
supplied to join the bus whenever a split has been made. All splice
connections shall be made with at least 2 bolts. Horizontal busbars shall
be mounted edgewise and supported by insulated bus supports. Insulation
shall be used as required by NEMA standards and shall be dated at no less
than 600 VAC.

For distribution of power from the main horizontal bus to each unit
compartment, a 3-phase vertical bus shall be provided. The vertical bus
shall be firmly bolted to the horizontal bus for permanent contact.

The main horizontal and vertical buses shall be made of copper and the
entire length shall be electroiytically tin plated to provide maximum
protection to the bus bars from normal or adverse atmospheric conditions.

The main horizontal bus rating shall be a minimum 800 amperes continuous.

Vertical bus rating shall be a minimum of 300 amperes for adequate current
carrying capacity. Continuous current ratings shall be in accordance with
temperature rise specifications set forth by UL, ANSI, and NEMA standards.

A copper ground Tug shall be provided in each incoming line vertical
section capable of accepting No.8 to 350 MCM cable. A horizontal (and
vertical) tin plated copper ground bus shall be provided in each section
of the switchgear. Horizontal ground bus shall run continuously
throughout the switchgear except where splits are necessary for ease of
shipment and handling in which case splice bars shall be provided. Ground
bus shall be tin plated copper. Horizontal ground bus shall be located at
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the bottom of the switchgear. Vertical ground bus shall run parallel to
the power distribution bus in each vertical section. Cesign shall be such
that for any plug-on unit the ground bus stab shall make contact with the
ground bus before the power bus contact is made.

Bus Barviers: Insulated horizontal and vertical bus barriers shall be
furnished to reduce the hazard of accidental contact with the bus.
Barriers shall have a red color to indicate proximity of energized buses.
Vertical bus barriers shall have interlocking front and back pieces to
give added protection on all sides and shall segregate the phases to
reduce the possibility of accidental "flash over." Small, separate
openings in the vertical bus barriers shall permit unit plug-on contacts
to pass through and engage the vertical bus bars. Bottom bus covers shall
be provided below the vertical bus to protect the ends of the bus from
accidental contact with fish tapes or other items entering from the bottom
of the enclosure.

Controls and Meters: A1l new service panels shall be equipped with the

following:

Kilowatt Meters. Type II, Class 3, Style B and shall have provisions for
pulse inititation. Kilowatt meters shall be flush switchboard type as
indicated on the drawings and shall be totally compatible to each
particular application. Kilowatt meters shall be of one manufacturer,
secondary type. ’

. The meters shall have an electronic demand register. The
register sha1l be used to indicate maximum kilowatt demand as
well as cumulative basis. It shall have provisions to be
programmed to calculate demand on a rolling interval basis.

. The register shall be of modular design. The electronic module,
containing all the program variables, shall be able to be easily
removed from the mechanical register for programming, maintenance
and trouble shooting.
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A11 electronic modules shail be physically identical and
interchangeable.

A frictionless optical assembly, mounted directly to the meter
frame, generating 12 pulses per meter disc revolution for input
to the electronic register shall be provided.

Each kilowatt meter shall also be complete with a 5-dial
mechanical kilowatt hour register.

Meters shall be 3 stator, 120 volt for use on a wire Y, 3-phase
system.

Meter multiplier shall be shown on the face piate and shall be
the product of the indicated current transformer and potential
transformer ratio.

Draw out arrangement for meter removal incorporating
automatically short circuit current transformer circuits.

Meter covers shall be polycarbonate resin.

Meter detent to prevent negative registration by restricting the
backward rotation of the disk.

The normal billing data scroll shail be fully programmable. The
following items shall be displayed in the data scroil:

- Kilowatt houts

- Maximum demand

- Cumulative or continuocusly cumulative
- Number of demand resets

- Time remaining in interval

- End-of-interval indication

- New maximum demand indication
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The register shall incorporate a built-in test mode that allows
it to be tested withcut the need for any special tools or other
accessories and saves data and constants before start of the
test. The following quantities shall be available for display in
the test mode:

- Time remaining in demand interval

- Present interval’s accumulating demand

- Maximum demand

- Number of impulses being received by the register

Pulse initiator with programmable ratio selection.
Battery with battery port for quick changes.
Meters shall be programmed after installation.

Meters shall be tested, c:librated, and certified after
installation.

Self-monitoring to provide for stored data check sum error, ROM
and RAM checksum error, battery fault, and unprogrammed register.

Liquid cr_stal display. § digits, blinking squares confirm
register operation. Large digits for data and smaller digits for
display identifier.

Display operations, programmable sequence + th display
identifiers. Display identifiers shall be selectable for each
item. Continually sequence with time selectabie for each item.

Circuit Breakers: Molded case circuit breakers shall be furnished in

branch feeder units using circuit breakers as a disconnect means. All
circuit breakers will have a push-to-trip test feature for testing and

exercising the trip mechanism. Breakers shall be UL listed for a minimum
of 22,000 amperes RMS symme.rical fault withstandability.
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Main breakers (480 volt panels only) shall be equipped with auxiliary
contacts and shunt trip coils. Optional electrical operation mechanisms

shall be proposed for possible use if funding levels are adequate.

Identification: A control center identification nameplate with factory

identification numbers and characteristics shall be fastened on the
ve-tical wire trough door of every section. Each unit shall have its own
identification nameplate fastened to the unit saddle. These nameplates
shall have suitable references to factory records for efficient
communication with supplier. Each unit shall also have an engraved
nameplate fastened to the outside of the unit door for ease in
identification and for making changes when regrouping units. Main
breakers (480 panels only) shall be equipped with auxiliary monitoring
contacts and shall be equipped with short trip controls. Optional
electrical operations shall be proposed for possible use if funds are
adequate.

Wiring: The switchgear wiring shall be NEMA Class 1I, Type B.

As defined by NEMA Stan.:zrd I1SC-2-322, Class II switchgear shall include
the necessary electricai interlocking and interwiring between units.

Type B wiring shall include terminal blocks mounted on 1ift out brackets
in the units.

Terminal blocks shall he quick separating pull-apart solderless box lug
type or equal.

finish: A1l metal structural and unit parts shall be completely painted
using an electrodeposition process so that the interior and exterior
surfazes as well as bolted joints have a complete finish coat on and
between them.
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3.0 TESTS

3.1 Following tests shall be performed and results recorded. All the
equipment tests shall be performed in accordance with IEEE, NEMA, and ANSI
Standards where such standards are definitive. A1l test data including but
not 1imited to test circuitry, faulty equipment, and remedial action will
be recorded, certified, correlated, bound, and furnished to the Owner.

a. Wiring continuity - point to point check and verification with the
wiring diagrams.

b. Wiring insulation - check to ground - megger at 600 volts.

c. Power of proper amplitude and freguency shall be applied to all AC and
DC circuitry. Three-phase potential and current of proper frequency
shall be applied to all applicable AC connections.

d. Polarity tests of all AC and DC circuitry. Three-phase power and
phase angle meter shall be used to make AC polarity test on power
feeds and metering circuits.

e. Functional tests shall be performed on all equipment to indicate
proper operation of all protection, metering, and control equipment.
Power circuit breaker simulators shall be employed for the primary bus
to verify proper operation of all equipment.

f. The Owner may at his option provide specific relay and metering test
forms to be complied with, otherwise the Seller shall submit 2 copies
of Seller’s standard test forms for review by the Engineer.

g. A1l "as left" test values shall be recorded and shall be within

manufacturer’s tolerances. Manufacturer’s tolerances shall be
indicated on the test forms.
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h. The intent of the acceptance test is to determine that the meters and
relays have not sustained damaged during shipment from the
manufacturer and that the meters and relay cai:ibrations have not been
disturbed. If the examination or test indicates that re-adjustment is
necessary, the relay shall be repaired and/c~ calibrated as per
manufacturer’s instructions.

3.2 The Owner and/or triineer may elect to visit the Seller’s facilities

on completion of fabrication of the equipment to inspect the equipment and
witness testing as outlined in Section 3.1.
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TRIP_REPORT
FINAL ACCEPTANCE TESTING OF
ABB 112.5 KVA AMORPHOUS CORE TRANSFORMER
FOR_SAN DIEGO NORTH ISIAND NAVAL BASE

Trip Date: Jan. 15-17, 1991

Location: Jefferson City, Missouri

Attendees: J.S. Bertrand & S.A. McBride

Objective: Attend witness testing of amorphous core
transformer for the San Diego North Island Naval
Base.

FACILITY:

ABB's Jefferson City Missouri distributicn transformer
manufacturing facility is comprised of engineering,
administration, shipping & receiving, and manufacturing in a
single 600,000 sguare foot facility. The plant has a high degree
of modern automation, utilizing obotic welders, conveyers,
painting apparatus, presses, et. for a majority of the
manufacturing. ABB uses an exte..sive Computer Aided Design And
Manufacturing (CADAM) system to simplify the process of producing
200 to 300 transformers per day.

Factory Testing:

The f - "~owing transformer contracted with ABB is being
manuf. -ured by ABB in Jefferson City Missouri:

2 Order Number Location Size(kVA) PWC#
1 V25E123YVY 473 112.5 CCs48

The following sections will detail all testing performed on this
unit. Engineering drawings and certified test data are attached
to this report as available.

Tests:
1. Turns ratio, polarity, and phase rotation test
2. Demagnetization (exciting current)
3. Half wave & full wave impulse test
4. Applied voltage test of high voltage coils test
5. Applied voltage test of low voltage coils test
6. Induced voltage test (400Hz)
7. No-load loss test
8. Resistance, impedance, and lcad loss test
9. Temperature rise test
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Shop Order #804001

Style #V25E123YVY

This transformer was specified and constructed as a 112.5 kKVA 0Oa
outdoor padmounted unit. The transformer has a 2400 volt delta
primary winding and a 480/277 volt grounded wye secondary
winding. The cooling fluid is 193 gallons of RTEmp (high
molecular weight hydrocarbon). The following tests were
performed on January 16-17, 1991 on the linear test line as
illustrated in the Electrical Testing Program--Jefferson City
Booklet (PDL 46-300-TT-K Page 4-5).

TEST

Turns ratio test
8:00am

11:00am

2:20pm

4:30pm

Demagnetization
5:00pm

TATUS

Failed. %Zne first rat: test indicated that
the secondary windings were improperly
connected. This should have been identified
during a preliminary ratio test which
normally is performed prior to installation
of the cooling o0il. The transformer was
removed from the test line and placed in the
repair area. The cooling fluid was then
drained out of the tank to a level just below
the top of the core/coil assembly. This
would allow reconnection of the secondary
windings. Extreme caution had to be used to
avoid introducing any foreign objects into
the tank d.ring repair (such as bolts, nuts,
washers, etc.). The root cause of the
connection problems was determined to be that
the wrong connection diagram was given to the
internal construction team. The designer
subsequently located the proper conrection
diagram and the connections were altered to
the new configuration. The cooling fluid was
then very slowly reintroduced into the tank.
Caution was used to minimize the introduction
of air bubbles into the fluid. The
transformer was then taken to th vacuum
chamber where it was subjected to two
complete vacuum cycles to draw any air from
the transformer. The transformer was then
brought back to the test line.

A second ratio test was performed and passed.
The polarity and phase rotation tests also
passed.

Passed. This test is performed to remove any
residual ~agnetism in preparation for the
impulse tests. It also serves as a means to
measure the exciting current.
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Impulse test
5:15pm

Applied voltage
Induced voltage
No-load loss

6:00pm

Load loss
6.15pm

Resistance

Impedance

Temp ature rise

Each of the three high voltage windings was

" subjected to a half wave impulse test and a

full wave impulse test. The test engineer
tested the windings to 60 kV BIL. I reviewed
the specification and informed him that the
reguirement was for 75 kV BIL. I stated that
the 60 kV BIL test was not adequate and that
they will be required to perform another test
to the required 7% kV BIL. Based on the
configuration of their test line it was not
possible to go backwards and repeat the test.
The unit would have to be reintroduced to the
lineup following completion of the other
tests. They assured that they would perform
the impulse test to 75 kV BIL. I was
contacted on January 22, 1991 and informed
that the 75 kV BIL test had passed without
incident. This plant does not have the
capability to perform impulse testing of the
low voltage windings. Therefore the 30 kV
BIL tests of the 480 volt secondary windings
were not performed.

Both the high and low voltage tests passed.
The 400 Hz induced voltage test passed.

The no-load loss was measured to be 86 watts.
This value was 8 watts above the guoted value
of 78 watts,

The load loss was measured to be 1529 watts.
This value was 29 watts below the quoted
value of 1558 watts.

Passed.

The transformer impedance was measured to be
3.32%. This value is at the maximum limit of

the specified impedance and is acceptable.

54.5 degrees celsius

Jan. 17,1991 (24 hours)

The tests on this unit were all performed with exclusion of the
impulse testing on the secondary windings. During the tests
several problems were identified. These items which regquire
furthe attention are listed below:
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ACTION ITEMS:

1. The transformer nameplate identified the unit as a 65
degree celsius rise. It should be 55 degree celsius
rise.

2. The transformer nameplate identifies the transformer HV

BIL as 60 kV. It should be 75 kV.

3. The transformer nameplate identifies the impedance as
2.76%. 1t was measured to be 3.32%.

4. Drawing J801R4Q shows item #12 (Pressure relief device,
350CFM at 15 psig) located on the front of the
transformer inside the secondary compartment. This
high volume pressure relief device which is required
with the use of RTEmp fluid must be installed on the
top of the unit (due to space limitations). I asked
specifically what their intentions were and they
informed that the reguired high volume PRD would be
installed on one of the hand hole cover plates on top
of the unit.

5. Jim Hankins will contact us with the proposed shipping
information as soon as it is available.

6. ABB (Jim Hankins) will issue us a Certified Test Report
as soon as it is available.

CONSLUSION:

The transformer passed an acceptable series of tests. The
particular test series used by ABB is almost completely computer
controlled. This makes it very difficult for the observer to
know what is going on. Specif_c pass/fail criteria have been
lcaded into the computer system based on the experience of many
thousands of successful units. Data from each of the tests are
digitized and sent to the computer for analysis, the computer
then either accepts the test results or rejects them. This
application is designed for a volume production environment in
lieu of a special/custom transformer environment. All things
considered this is a very impressive manufacturing plant.
Technology, personnel, design, and materials are for the most
part outstanding.
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ABB Power T&D Company inc.
Unoergrouns st 2ution Transtormers
Jetterson City MO 65101

PDL 46-300-TT-K

Electrical Testing
Program -
Jetferson City

General Testing Program

Factory tests are performed on a transtormer to
contirm that 1t 1s properly designed and constructed
to carry rateg loag and that it will withstand the
conditions it wili be exposed to in service. Factory
tests are evidence of the reliability of a transformer,
although the ultimate proof is trouble-free service
over its expected '~

Tne Jefterson City :sting program is based on
applicable ANSI, IEEE. and IEC stangards ang can
be cwided 1nto 5 broad categories:

1 Test Data
A Test Parameters
B. Test Results

2 Preiiminary Tests
A Core Loss Test
B Turns Ratio Tes’
C First Preliminary Ratio Test
D Secona Preliminary Ratio Test

3 Routine Tests

Ratio

Demagnetization

Full Wave Impulse

Apphed Voltage Test of the HV Circunt
Apohed Voltage Test of the LV Circunt
400 HZ Ingucec Test

No-Load Loss ana Exciting Current
Loac Loss Resistance ana Impedance
Fina. Continuity Check

Circuit Breaker Test

CoTOMmMMOoOO®>»

4 Specia: Tests
£ Sounc
E Temperature

-

5 Calibration

1. Test Data

Test cata consists of a se! of test parameters ana a
set of test rec :I's tor each ingiwvicual transformer
Test gata i1s -ec in the offtice maintframe computer
Test param: . are sent to the test Hioor and stored
within the te  -omputer system for later retrieval
when the transformer arnives for testing As
transtormers are tested. the results are held within
the test tioor computer system, then transterred to
the maintrame

A. TEST PARAMETERS

A unique set of parameters is used to test each
individual transformer. This set 1s generated from
a combination of three sources:

1. Customer Specification
This incluges all of the transformer ratings
such as HV, LV. kVA, winding temperature
rise. and frequency. The customer may
specity special design tests such as sound,
temperature rise, or RIV. He may require that
the transformer be tested according to IEC
standards or ANSI. If no-load loss. totatl ioss,
impedance, or exciting current 1s quoted to
the customer, then 'not to exceed values
based on the quote are sent to the test floor as
hmits.

2. Transtormer Standards (IEC. ANSI, IEEE,
etc.)
The stangaras specify the routine tests that
must be performed on every
transtormer. Test voltage levels. test durations
and pass/fail criteria are included. Examples
are:

400 HZ Induced Voitage level
Full-wave Impuise Volitage
Apphed Voltage of the HV Circut
Appliec Voltage of the LV Circunt

3 Design Performance Criteria
If vaiues such as no-toac ioss. total 10ss.
impecance. and exciting current were not
Guotec to the customer then values basec on
the ues.gn anc or gast pertormance o! the
transformer style are sent to tne test tioor as
pass fail ¢criteria Exampies are

400 HZ tngucec Voltage Test Current Limit
Minimum ang Maximum % impegance Limits
No-loac Losses ana Exciting Current Limits
HV anc LV Coil Resistances

Tota! Losses

Loaa Losses

The Design Ergineering Department may
specify special gesign or "type’ tests to venty
new gdesigns st N as choppeo-wave impuise
test. short circuit test. temperature test. sound
or RIV.
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TEST RESULTS

A set! o' test resu!ts 1s recorgec for eacn
transtormer Some of the vaiues are sent directly
1C the cusiomer when requestec examples are
no-loac loss total 1oss. % impecance. % exciting
current. anc tne formal notificatior that the
transtormer i receive ang pass all required
tests (Certified Test Report).

The test results are recorded in the design
carabase !0 establish actual pertormance
characternstics of new gesigns anc 10
gynamically update performance characteristics
of existing gesigns as materials vary and
manutacturing processes are improved.

The tes! results are anaiyzed by the Quality
Assurance Department to monitor, report trends.
anc take action as required to assure that quality
manutacturing practices are foliowed.

2. Preliminary Tests

The pretiminary tests are pertormed prima o]
establisn the acceptance of core-coil asser . ;. Four
prehminary tests are pertormed.

A

CORE LOSS TEST

Trus test 1s performed or each core 1oop 10
measure the core 10ss at the (gesign) induction
leve! The cores are graded according to therr
mezsured iosses later combineg as requi-ed to
mee! the ng-10az 1osses guaranteed for each
compiete core €Ol assemply

TURNS RATIC 28T

Tris test (s performes as an aucit Cf comptietec
22is it verties tnat the number 0f turns 1S
Correct it eacr winging section

TIRST SR _IMINARY RATIO TEST

Tre tiegt crenminary ratio testis locatec in the

Core £or ruiz area priorto the core coii bane

J.e~ ka3t tesis are pertormecs or @'l core CO

asse~Des @' tne rated voltage connectior anc a

2 ‘a2 .o'tzzes A smalivollage racpreximateiy

) Hes 1C the primary winZing | Ne
1 ‘ne seconcary voilage are

& o'3tairauc meler Tre meter

concary voilage Cv the crimary

avs the ratic For three phase

€ 1est 1S gOne separate y Or eacr

(0]
b

vOliage anc Cisd
transtormers
onase

3
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D SECOND PFRELIMINARY RATIO TEST
A& seconc preliminary ratic test s performec¢ in
the internai assemply area prior to vacuum ou
fili Tmis ratio test 1s performed in the same
manner as the first test. except that it 1s made
with all bushings installea to verity that internal
connections to the bushings are made with the
correct poiarty

3. Routine Tests

Routine tests are performed on ali transformers to
verity that proper manutacturing practices were
foliowed in the construction of each transformer ang
to estabhish pertormance characteristics. The
tollowing are routine tests:

Ratio

Demag

Full Wave Impuise

Applied Voltage Test of the HV Circunt
Applied Voltage Test of the LV Circunt
Inducec Test

No-load Loss and Exciting Current
Loag Loss and Impegance

Final Continuity Check

Circuit Breaker Test

A RATIO TEST
Tne ratio test 1s given to verify that the
transformer's ratic. poianty anc phase rotation
are correct.

Twenty volts 1s apphieC to the secondary
terminals The voltage acpheg anc the induced
primary voltage are me  -ec anc comgparec for
ratio anc phase rerahio- 0 The voitage s
acphe~ nihree separate conneclion

confic  ations tor tnree pnase units

8 DEMAG TEST
Tne cemag test g giver 10 remgve any resicua!
magne’ smir precaraticn tor animpuise tes!
AISS 1t serves as & no-lgac exciting current tes!

Pewer)s acolies 1 the low v ollace wincings T he
vo'tage s ramoec o™ zero 1T ratec seconcary
»o‘zaée anc ther Cactk 1C 28rs volls A
tra~storme- .5 CONsiCeres IC mave Dasses tn:s
test ! the exCiting current Coes not exceec tre
hmit specitiec for the ces:gn of tne transtormer
unaer tes!




FULL WAVE IMPULSE TEST

The full wave impulse test attempts to simulate a
figntning aisturbance that travels some distance
aiong a transmission tine before it reaches the
transtormer At tne transtormer. this wave shape
nises from zero to crestin 1.2 microseconds and
decays to one-nalf vatue in 50 microsecongs. The
peak value 1s specified by ANSI stangaras
according to the transtormer rating.

Each MV bushing 1s tested by impuising that
bushing whiie grounging one end of all windings
and the tank Each HV bushing receives an
impuise shot at one-haif the ratec value and then
another shot at the tull impuise value. The
groung current wavetforms are recorded tor both
shots on a winding and compared. The current
waveshape at the reguced impulise shot 1S taken
fir .t to establish the characternistic waveshape for
the winding while the insulation 1s still
consigdered to be sourda. it the current waveshape
of the full iImoutise shot 1s very similar to that of
the regucec : ot the winding 1S considered to
have passec tne test.

. APE_IED VOLTAGE TEST OF HV CIRCUIT
(H:C)

Tne HLIC test 1s pertormed to check the
insulation design ana to venty proper
construction The MLIC test verifies the major
nsulation between the HV circuit to the LV
circurt ana to grouna. (The acronym “HLIC”
stangs for "nign to low iron continuity ™)

Tne test (s pertormec by connecting al! MV
terminais together anc applying a specihied
voltage trom tne HV term:nals to ground tor one
=~ - _te at 80 ~Z whule all other terminals anc the
te ~ are crounged The voitage apphed is
soeZmec by ANSI accorcing 10 the transtormer’s
ranngs A transformer 1s consigerec t1c have
caczesstully tassec the test if no appreciable
zorren: hiows

E
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APPLIED VOLTAGE TEST OF LV WINDINGS
{LHIC)

Tne LHIC test is also pertormec 1o check the
insuiation ges:gn anc to venity proper
construction. The LHIC test venifies the
insulation between the LV circuit 1o the MV
circult and to ground. (The acronym “LHIC”
stands tor “low to hugh/iron continuity’)

The test 1s pertormed by connecting all LV
terminals together and applying a specitied
voltage from the LV terminais to grounc tor one
minute = 30 HZ whiie all other terminals and the
tank ar«  ounded. The voitage apptied is
specitiea by ANSI accorging 10 the transiormer
ratings. A transformer 1s considered to have
successfully passed the test if no appreciable
current tlows through the transtormer.

40C HZ INDUCED POTENTIAL TEST

The 400 HZ test 1s pertormed on all transformers
to check insulation gesign anad verify proper
construction. Although this test aiso verifies t-e
maior insulation between the MV and LV circu::s.
1S main purpose 1s {0 check the turn-to-turn ang
layer-to-iayer insulation withun the RV ang LV
wingings. Also. this test checks the insulation
between phases in the HV and LV circ: *s.

A 400 HZ voltage 1s applied to the low 1ge
terminals for eighteen seconds. The v .ecan
be from two to four imes rated (determined by
the transtormer ratings accorging 1o ANS!
standarcs) The transformer 1s considerec to
have successiully completed this test if the
current goes not exceed a calculatec vatue,
baseqy on the transformer s cesign
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G NOLDAD LTSS AND EXCITING CURRENT

Tne no-10agc 10Sses are i0sses ot g transiarmer
exciteg 3t ratec voltage but 7O SudpPtying load
tnat1s, when only exciing curren! flows tnrough
tne energizeC winging The Np-10ac 10SS CONSISES
ot the iron 108S 1N the cOre Cielectric ioss ang
the 10ss 1N the wingings cue 1o the exciling
current

Ratec voltage 1s appled 1o the low voltage
terminais with the n.gh voltage terminals open
circuite¢ Simultaneous readr.igs are maade of
voltage apphec. power input. anc excitation
current

The no-load loss TW (true watts) is the value
read by a wattmeter measuring the power :nput.
The % excitation current Is the percent of rated
current grawn during this test.

The no-load 10ss AW (apparent watts; is the
product o! the apphec voltage ancd the exciting
current {also, imes the square root of 3 1f a three
pnacse transtormer).

LOAD LOSS. RESISTANCE AND IMPEDANCE
TESY

The loac loss of a transtormer 1s the 10sS Createc
by Current tiow through the transformer
wingings Current tiow tnrougn the windings
creates the tollowing two types of 1osses:

a ‘'R 1ioss The 1R ioss 1s the real power
consumec (0 hea! created) bv loac current
£assing tnrough the win@ing resistance

b Strav ioss The stray i0ss 1s the eddy current
losses causec by lea<age flux The stray 10ss
1S generally less tnan five percent of total
losses

Tnempezance vdliage 1s the voltage drop cue to

The test:s pertormec by SNorng the LV
busnings together anc appiving suthcient
excitation 1o the HV pushings 1o Circuiate rated
Current tnrough the kv circuil. Measurements
are taken tor power input. vnitage apphed.
current, anc on temperature Winding resistances
are measuregc Then. the impedance and load
loss are caiculiateg at the ratec operating
temperature (normally 85°C).

FINAL CONTINUITY CHECK

A continunty test 1s performed on ali
transtormers. This test will assure our customers
that the transformer fu lills their specifications
ang p.event possible safety nazaras due o
incorrectly wireg transtormers.

The continuity test 1s performed in Final
Assembly after ali HV, LV and accessory
rmarkings (stencil~. decals. etc.) have been
acohed to the transtormer. The following checks
are mage:

a. The namec'ate 1s compared to manufacturing
informatior for styie. senal number, kVA HV
rating. LV rating. tap voltages. impegance,
concuctor mateniais anc coll BiL ratng.

b The quantity of bushings. etectnical
accessories and fuses on the unitis venned
to agree with the nameplate anc
manytacturing information. The bushing
igentification on the unit 1S checked against
the namepiate

¢ Anonmmeter s tnen usec 10 check the unit
anc venty that the internat winng ang the
coeration of at cevices (Dreakers. switc=as,
cull-out tuses etc ; agrees with the
namepiate

AIRCUIT BREAKES TESQ™T
1A CuTrent Cassing tRrougn the inguciance anc CiRCuUn 8"‘-“"‘—: e .
resistance o' 'ne wingings The impecance s Each iransiormer that nas an v_,ﬂce:on preaker s

r~_'es IC tne oreaxer 'es! s1auon There each

exgressec a8s e percertage ot ratec hign voltase

4

p—

ne Dreawer1s testec Dy crrcuiaung

ent Zutrent 1o ir.c the Dreaxer within
twenty seConCs This s an operationar test which
assures thailine pDreaxer was correctly instaned
anc s mecnaniZaity anc eiecincally sounc
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4. Special Tests B TEMPERATURE TESTS

Special tests are performed at the option of the Core losses and coil losses are U’E‘Drlmary
customer Or the design engineer. sources of heating within the transforme:-
Temperatures within the transformers are a

A SOUND TESTING tunction of:

Some customers specity a maximum allowable
transtormer souna level The sounc generated by
a transformer is atfected by the core geometry,
fiux density. tank gesign. and the quality of
assembly of all of the transtormer component
intoc a completed unit.

Sound measurements are made on the "A”
we:iqhted scale The "A” characteristic best
relates how a young listener (with normal
nearing) hears the complex transformer-
generatec sound. For reference, zero dBis a
sound level just bareiy beiow the minimum
detectable sound ievel of the “young hstener™.
The noise 'evel In a large office usually 1s
between 50 anc 60 dB. Very loud sounds such as
nearby airplanes and railroad trains may exceed
100 ¢B.

Sound level tests require an ambient sound level
atieast five, and preferably ten. gecibels lower
than the sound level of the transformer ang
ambient combined The tests are performed in
the shipping warehouse and are scheduied
curing off-snifts to obtain the iowest practical
ambient sound level (approximately 36 dB).
Sound tests are mage with the unit powered at
100°% anc 110% of rated voitage under no-load
congitions

Sounc measurements are made at three-foot
intervals on a siretchec string contour around
the tank at hal‘ the tank heignt. The points begin
at the grain valve anc proceed clockwise arounc
tmetank The sound instrument nozzle 1s pointec
ranzorially at the string with the ena of the
insirumen: one foct from the string

-

Tme measurement values are averagecd to oblaimn
a2~ averace "A" weightec sound tevel

Losses generated by the core and coil
b. Core, coil and tank construction

c. The transformer’s external environmeny
(primarity the surrounging air temperature)

In general. our transtformers are gquaranteed to
have an average coil winding temperature of no
more than 65°C rise over ambient air
temperature when operatec at ratec voltage and
load conditions. (Other winding temperature
rises may be specified.)

The temperature test is performed to determine
the thermal characteristics of the transformer
ang to verify that these characteristics are within
aesign himits.

The Compromise Method (or Short Circunt
Loacing Method) 1s used to simulate rated
operating conoitions. The iow voltage winding
terminals are shorted ana sufficient current s
circulatec through the HV windings to generate a
l0ss within the transformer equivaient to the core
10ss plus the load loss. The transformer tap
changer is connectec to its maximum loss
{lowest voltage) position ang total losses are
applied to tne transtormer

Total Loss = iron Loss - Loac Less

The purpose of this initial lcaging 1s 1C estanlisn
the maximur o1l rise temperature ot the
transtormer Trermocouples are usec tc monitor
tne top ang bot'om Qi temperaiures anc tne
zmbient air temperatures The transformer s
gcperalec at thisicacing unti the increase in the
o1l temperature over ampien! cges NSl crange
more 'nar 1°C1ninree hours
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Atter a three-hour period of stabie o1l
temperature. the loading 1s cut back to rated
current and continued tor one hour The
transtormer 1s then gisconnectecC from the power
source immediately. resistance measurements
are taken as the transformer cools. The initial
resistance readings on each winding are taken
within four minutes after the transformer 1s de-
energized. Three additional readings are taken,
up to a maximum time of ten minutes after the
transformer was de-energized.

The resistance of a winding prior to de-
energizing the transformer can be founc by
plotting the resistance readings versus time and
extrapolating the curve back to zero time.

Knowing the resistance, the winding temperature

a! the instant of shutdown can be caiculated.
Following are useful performance data obtained

Avg. Oil Rise = (Top O1l @ Cutback + Bottom
Oil @ Cutback) = 2

Coil Diff. = Winging Rise - Top Oil Rise

Top Oil Rise = Top Oil @ Cutback - Amb. @
Cutback

Gradient = Winding Rise - Avg. Oil Rise

winding Rise = Wind. Temp - Ambient @
Cutback + (Top O @ Cutback
- Top Oil @ Shutdown)

5. Calibration

The test equipment is periodically calibrated to
assure that the tests are valid and accurate.

More detailed information about the calibration
program is in the Eiectrical Cahibration Procedure,

QAP302.
from the temperature test:
ABB Power TAD ComplnyTlnc. Poated.r L5 a
Undergroung Distribunion Transtormers
Jetterson City. MO 65101 B-14 January, 1990
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TRIP REPORT
FNAL ACCEPTANCE TESTING OF
NATIONAL INDUSTRI CAST COIL_ TRANSFORMERS
FOR SAN DIEGO NORTH ISILAND NAVAL BASE

Trip Date: Oct. 8-11, 1990
Location: Hampton VA
Objective: Attend witness testing of cast coil transformers

for the San Diego North Island Naval Base.

Factory Testing:

The following eight transformers contracted with ABB are being
manufactured by ABB/National Industri Transformer Inc. in Hampton,

VA:
£ Shop Order Location Size(kVA) PWC #
1 2897 94 750/1000 Cccé69
2 2898 94 300 CcCc70
3 2899 378-1 750/1000 Ccc27A
4 2900 378-1 500 Cc27B
5 2901 472 1500 CC45
6 2902 489 1500 CC48
7% 2903 342 112.5 cC1lé
8 2904 378-6 500 ccae

* Shop order # 2903 had not been constructed at the time of this
trip. It is scheduled to be completed in late November.

The following sections will detail all testing performed on each of

the transformers.

The certified testing reports issued by National

Industri are included in the appendix of this trip report should
you need further information.

Tests:

HWOOSOWMS WL

O

Coil resistance test
Turns ratio test

Polari“y & phase rotation

No-loaz loss

Impedance & load loss
Temperature rise test
Impulse (BIL) test
Applied potential test
Induced potential test
Partial discharge test




Shop Order #289%7:

This transformer is a 750/1000 kKVA AA/FA outdoor unit substation
complete with a 15kV fused primary switch and secondary switchgear.
The transformer has a 2400V/12000V reconrectable primary winding
and a 480/277V secondary winding. ach primary winding is
constructed using five sections. Ther: five sections are connected
in series for the 12000V configuration and in parallel for the
2400V configuration. Vertical busses mounted external to the coils
are used to make the series/parallel connections. High voltage
taps are provided on the primary 12000V configuration only. The
primary switch was built in as part of the unit. The secondary
switchgear was not present. It is assumed that ABB will be
supplying this switchgear themselves. Note that the transformers
are painted a non-standard color and that the secondary switchgear
will need to be painted to match. The tests performed on this unit
and the results were as follows:

TEST STATU
Coil Resistance See test sheet.
Turns Ratio Test See test sheet.
Pol. & Ph. Rotat. Tests okay.
No-load Loss Measured no-lcad losses = 2491 watts. This is

substantially less than the guaranteed maximum
of 2800 watts.

Load Loss Measured load losses = 5728 watts. This is
slightly over the guaranteed maximum of 5700
watts, however, it 1is within the +/- 5%
tolerance required in the RFP.

Impedance Measured to be 5.21%--this value 1is within
tolerance of 5% (-+/- 10% dual voltage only).

Temperature Rise AA measured (celsius) Max 73.1
FA measured (celsius) Max 68.3
These \ lues are within the reguired 80 degree
C maxir.m. Note that the transformer failed
the first FA heat run test, however, passed
the second attempt.

Impulse Test 2All impulse tests passed. However, problers
were encountered on the H3 coil. The second
chopped wave test on H3 failed. Several
modifications to the test connections were
performed of which none sclved the pr ‘em.
Finally it was determined that the cle nce
between the fan blade and the primary co.. was
not sufficient. For 95kV BIL, a minimum of
5.5 1inches 1s needed. The fan blade was
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approximately 2.5 inches from the primary
coil. The fan appeared not to be damaged by
v-~e failures. See narrative for further
c.scussion.

Applied Potential Passed, no problems detected
Induced Potential Passed, no problems detected

Partial Discharge The partial discharge tests were performed
using new equipment in the "Corona Room". The
levels of detected partial discharges were
recorded for both 110% and 150% of rated
primary voltage at both the top and bottom of
each high voltage coil. The levels monitored
contain a substantial amount of background
noise and therefore and not completely
indicative of the actual 1level of partial
discharge in the coil. The transformer was
determined to pass the test in lieu of the
misleading results obtained.

The transformer successfully passed all tests, however, several
problems were experienced during the process. The load loss was
measured to be 28 watts over the guaranteed maximum of 5700.
However, the no-load loss was measured substantially under the
guaranteed maximum. The end result is a lower total loss over what
was guaranteed. This transformer regquired four heat runs, AA
(ambient air) 2400V, FA (forced air) 2400V, AA 12000V, and FA
12000V. Both of the AA heat runs passed without incident, however,
the FA heat runs failed. The transformer had been designed and
constructed with 6 cooling fans. Prior to temperature testing, the
design engineer had determined that this design would not be
sufficient and that 12 fans would be required to maintain adequate
cooling. The design engineer then issued an "Engineering Change
Notice ECN" to change the design. This ECN was not executed prior
to testing the transformer. The transformer was then modified to
incorporate the 12 fan desin. The FA heat tests were rerun and
passed successfully. This -odification caused another problem.
When the additional 6 fans were installed the clearance between the
fan blades and the high voltage bus was reduced from 6 inches to

2.5 inches. This spacing proved inadequate as the 95kV impulse
tests failed. It turned out that another ECN had been drafted and
not implemented. The design engineer had proposed a bussing

modification which would allow adeguate spacing of 5.5 inches. Ve
performed the bussing modifications in the impulse bay and were
able to pass all impulse tecsts without further incident. The final
problem encountered while testing this unit was during the partial
discharge testing. The "corona room" is used to perform partial
discharge testing. The large transformers however will not fit in
their corona room, thus, accurate isolated testing is not possible.
The result 1s a substantial amount of noise overlayed on the
partial discharge display (lissajous figure). No prc-lems with the
transformer were detected during this testing, however, they are in
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the process of upgrading their test equipment so that more accurate
testing can be performed.

Shop Order #2898

This transformer is a 300kVA indoor padmount unit with a 480V delta
primary winding and a 208/120V grounded wye secondary. The
following tests were performed on this unit.

TEST
Coil Resistance
Turns Ratio Test
Pol. & Ph. Rot.

No-load Loss

Load Loss

Impedance

Temperature Rise
Impulse Test

Applied Potential
Induced Potential

Partial Discharge

Overall,

STATUS

See test sheet.
See test sheet.
Tests okay.

The measured no-load loss = 1318 watts. This
is under the guaranteed maximum of 1400 watts.

The measured load loss = 3200 watts. This is
over the guaranteed maximum of 3100 watts.

The impedance was measured to be 3.16%. This

is within tolerance.

AA measured (celsius) maximum 49.3

All tests passed at 30kV.

Passed, no problems detected

Passed, no problems detected

This transformer had to be partial discharge

tested in the transformer test bay #1. No
problems were detected.

all tests passed and no problems were identified. The

clearances in the unit are very tight, however, the unit passed all
30kV impulse tests so the spacing proved to be adeguate.

Shop Order #2899

This transformer is a 750/1000kVA AA/FA indoor unit substation
complete with a new 15kV fused primary switch and new secondary

switchgear.

The transformer has a 12kV delta connected primary and

a 480/277V grounded wye secondary.

No tests were witnessed on this unit.
report for

certified test

I have reviewed the

this wunit and no problems were
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temperature rise, and
Refer to the appendix for

identified. The losses, impedance,
configuration is within specification.
further information.

Shop Order #2900

This transformer is a 500kVA AA indoor padmount. It has a 480V
delta connected primary and a 208/120V grounded wye connected
secondary. The transformer has a very high primary current and
such no primary voltage taps are required. The primary winding is
wound as two sections connected in parallel to supply the high

current required.
fcllows:

TEST
Coil Resistance
Turns Ratio Test
Pol. & Ph. Rot.

No-Load Loss

Load Loss

Impedance

Temperature Rise
Impulse Test

Applied Potential
Induced Potential

Partial Discharge

All factory tests passed.
the primary bus was detected and replaced.

The tests performed on this unit were as

STATUS

See test sheet,

See test sheet.

Tests okay.

The measured no-load loss = 1483 watts. This
is less than the guaranteed maximum of 1600
watts.

The measured load loss = 6204 watts. This is
greater than the guaranteed maximum of 5900
watts. This value is 9 watts over the +/- 5%

tolerance level.

The measured impedance = 6.22%. This value is
slightly over the tolerance value.

AR measured (celsius) maximum = 54.5
All tests passed at 30kV.

Passed, no problems detected.
Passed, no problems detected.

This transformer had to be partial discharge
tested in transformer test bay #1. No
problems were detected.

Note that a stripped out insulator on
During the impulse

testing intermittent problems were encountered while testing the H3

terminal.
The

pass. i withc ..t incident.

test equipment.

Nothing was found ocut of order with thke transformer.
* st gear was reset then the tests were rerun and each test

The problem was thus assured to be in the
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Shop Order #2901

This transformer is a 1500KVA outdoor retrofit padmount unit. It
has a 12000V delta primary and a 480/277V secondary. The following
tests were performed on this unit:

TEST STATUS
Ccil Resistance See test sheet.
Turns Ratio Test See test sheet.
Pol. & Ph. Rot. Tests okay.
No-Load Loss The measured no-load loss = 3689 watts. This

is below the guaranteed maximum of 3900 watts.

Load loss The measured load loss = 5441 watts. this is
below the guaranteed maximum of 9600 watts.

Impedance The measured impedance = 5.6%. This is within
tolerance.

Temperature Rise AA temperature (celsius) maximum = 67.4

Impulse Test Passed, no problems detected.

Applied Potential Passed, no problems detected.
Induced Potential Passed, no problems detected.

Partial Discharge This transformer had an uncharacteristically
good response under the partial discharge
test. No problems were detected.

All tests on this unit went well. No problems were identified.

Shop Order #2902

This transformer 1is a 1500kVA outdoor retrofit padmount unit. It
has a 12000V delta connected primary and a 480/277V grounded wye
secondary. It will be installed to replace a temporary 3750kVa
unit substation The existing primary switch will be re-installed.
The following tests were perfcrmed on this unit:

TEST STATUS
Colil Resistance See test sheet.
Turns Ratio Testi See test sheet.
Pos. & Ph. Rot. Tests okay.
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No-Locad Loss The measured no-load loss = 3759 watts. This
value it below the guaranteed maximum of 3900
watts.

Load 1loss The measured load loss = 9429 watts. This
value is below the guaranteed maximum of 9600
watts.

Impedance The measured impedance = 5.77%. Within
tolerance.

Temperature Rise Not received yet.

Impulse Test Passed, no problems detected.

Applied Potential Passed, no problems detected.

Induced Potential Passed, no problems detected.

Partial Discharge Passed.

The tests were all performed, however, the certified test report

has not been received. The report was inadvertently not placed in
the transmittal package. The test results presented for this unit

were taken directly from my field notes. The temperature rise
information is not available as I did not witness the overnight
temperature rise tests. The data will be reviewed when the

certified test report is received. Two of the high voltage bus
sections have very sharp edges. These edges cause very high stress
regions on the bus bars. I recommended that they grind the edges
smooth to eliminate this problem. They agreed that it could cause
a problem and stated that they would eliminate the sharp edges.
Several problems were observed while performing the partial
discharge tests. A majority of the problems were corrected by
removi.ig the buswork and adjusting the test apparatus connections
to the coils. It was determined that no problems exic:ed in the
transformer coils. Removal of the sharp edges should eliminate a
majority of the remaining problems.

Shop Order #2903

This unit has not been built. It is scheduled for construction by
late November. No tests were performed on this unit.

Shop Order #2904

This transformer is a 500kVA outdoor padmount unit. It has a

12000V delta primary and a 4. ./277V secondary. The following tests
were performed on this unit:
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TEST STATUS

Coil Resistance See test sheet.

Turns Ratio Test See test sheet.

Pol. & Ph. Rot. Tests okay.

No-Load Loss The measured no-load loss = 2244 watts. This

is under the guaranteed maximum of 2400 watts.

load loss The measured load loss = 4499 watts. This is
under the guaranteed maximum of 4700 watts.

Impedance The measured impedance = 5.57%. This is
within tolerance.

Temperature Rise Not received yet.

Impulse Test All tests passed.

Applied Potential Passed, no problems detected.

Induced Potential Passed, no problems detected.

Partial Discharge Passed.

The tests were all performed, however, the certified test report
has not been received. The report will be sent with the one for
unit #2902. The data will be reviewed when the report is received.
Note that this unit did not have future forced air fan mounting
brackets. These brackets should be added prior to shipping from
National Industri. They informed me that the brackets would be

added. We will want to follow up in the field and verify that they
did get installed.

CONCILUSION:

The tests went well in spite of several challenges. Transformers
#2897 through 2904 except #2903 are ready for installation. Unit
#2903 will be completed in late november.
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ELB /A NATIONAL INDUSTRI

2520 58tn Street Teiephone Tere Teletax
Hampton. Virginia 23661 (804) 838-8080 B2-3646 (804) 838-8905

TRANSMITTAL LETTER
FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE <O. DATE: @716 '™
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 28970

ATTENTION: ROGER RATICAN
JOB NAME: TBA
CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

wWe are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.
Sincerely,
Patty Dorris
Admin. Assist. Mkt.

SaenBE_wo B8 £8 CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP
B-27




EL A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 028S7-1 STYLE NO. 840750B0S7 TEST DATE 10-05-90

NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hertz

KVA: 750/1000 CLASS: AA/FA AVG WDG RISE: 75 DEG C.

INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 LVv- 30

CUSTOMER: ABB SERVICE CO. PO# LS-01446-C K

LONG BEACH, CA. 90805

1222 XXX REREZEERRZEZ2 A2 EX2 R SRR RS Rl 22X R 2 R R R R R N SRR R R

* ] * * ® * * -
* KVA *» NO LOAD * * TAP * LOAD * * TOTAL SERIES *
* * LOSSES * % Iex * * JOSSES * § Z + RESISTANCE @ 95 Cc +
* » 24 C % 24 C * * 95 C % 95 C * PRIMARY SECONDARY =
* * (watts) * (volts) * (watts) » * (ohms) (ohms) =
L2222 R E R R R R R R R R R R RS R IR R ER R R R RE R R RS2 A2 228 R R R R S E R R R R S F R R R X R R R R AR Y
* » * - * * * - *
* 750 = 2491 =* 0.906 * 12000 * 5728 * 5,21 * 7.02239 * 0.002762 *
* * * * * * * * *
122222 EEEESESEXRA S XS SR RS ASR AR E R 222222 R XS R R AR F R R R R L FFR R LY

LA 282 SRS R R R R 2 X2 X R R 2R 2R 222X R R 2 X2 RS2SRRSR YRR

* * * x
* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO *
* HV LV * 400 Hz, 18 SEC. * *
» (kv) {(kv) - (volts) * *
(222 22X EERX2 XXX RSREARZEARRE 2R AR RS2 222X RSS2SR SR X K
* L 4 L *
* 34 4 * 960 * A/B 43.405 *
* * * c/A 43.391 =
* » * B/C 43.392 *
* L g * *
(2 2 RS RREEE R RSS2 R 2 2222222222222 22222223222 2SR 20 2

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.
AA MEASURED TEMPERATURE RISE (C): HV - 73.1 Lv - 60.8
FA MEASURED TEMPERATURE RISE (C): HV - 68.3 Lv - 51.1

IMPEDANCE AND LOAD LOSSES AT TAPS:

(1-2) = 5.10% AND 5445 WATTS, (5-6) = 5.28% AND 5787 WATTS.
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:

H-G = .747, L-G = .350 AND H-L = .436

CERTIFICATION: /~§77// ,
TEST TECHNICIAN Y /22211_:\ ENGINEER 45;t£ x/ TN
- /
NATIONAL INDUSTRI TRANSFORMERS, INC. -
HAMPTON, VA. 23661
A DD B-28
FAIDED

aSEa BeOwN 82vER £8 CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP




ELB A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02897-1
STYLE NO. §40750B0S57

KVA 750
TEST DATE OCTOBER 9, 1990

'Y 3222222 X22 2282 AR 2R RR2Rlsi il il il iz RPN S R R S R R R R R IS

* TOP * 3§ VOLTAGE * CoIL 1 * CcoIL 2 . COIL 3
i"tttt"t'ittﬁt!ttttQtii.i't'iii"tti*i"tittfiiﬁ't.tt'.itQttﬁ.”."tttt
* * * * L ]

*INCEPTION * 150 * 40 pc bd 20 pc * 20 pc

[ XEEEZ SR XA 22222222222 2222222222222 22 R YRR F Y R B R R R R )
'Y * ] ] 4
*EXTINCTION » 110 * S pc . 10 pc * 10 pc

'YX R22ZRRRAR AR AR R R Rl X2l il s R RS R R RS R XS R R R L}

'YX X322 EZ2 SRR 22 A2 R 22 X222 22 22X 22222222 XXX R SRR X YRR

* BOTTOM * % VOLTAGE . COIL 1 * COIL 2 . COIL 3
Y223 X2 22222222222 22222 2222 X222 2222222222222 XXX X2 R R R R
» -* L ] *
*INCEPTION » 150 * 10 pc * 20 pc * 50 pc
(22222222 A2 XX R 22Xl d22X2 222222222 2X22222 22222222222 X2 2 222 X2
» * * * *
*EXTINCTION ¢ 110 * 3 pc * 10 pc * 15 pc

2 2 X 2 ZE 22X RS R R R A2 X2 222 X222 2R3 2 2222223222222 22 X222 22222222 £

AL BT _
FREPID 8-29
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EL /A NATIONAL INDUSTRI

252C 58 Siree! Teiephone Toiex Teletax
Hampton, Virginia 23661 (804, B38-8080 B2-3646 (804) 838-8905

TRANSMITTAL LETTER -
FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: '${116
2382 E. ARTESIA 3LVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 28980

ATTENTION: ROGER RATICAN
JOB NAME: TBA
CUSTOMER: ABB SERVICE CO P.O.NO: Ls-0 6-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.
Sincerely
Patty“Dorris
Admin. Assist. Mkt.

ABR e

a3rB3in e, 13 £EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP




EL /A NATIONAL INDUSTRI

* CERTIFIED TEST REPORT +*

SHOP ORDER 02898-1 STYLE NO. 810300B001 TEST DATE 10-08-90
NOMINAL VOLTAGE: 480 Delta / 208 Grd-Wye Three Phase 60 Hert:
KVA: 300 CLASS: AA AVG WDG RISE: 65 DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 30 LV- 3¢
CUSTOMER: ABB SERVICE CO. PO# LS-01446-C

LONG BEACH, CA 90805

2 XS P RS X RS RE SR S22 2SR R R R R R X SRR R X222 R 2SR E R RS E R R R R R SRR R E)

* * * * * * *

* KVA * NO LOAD * * TAP * LOAD * * TOTAL SERIES

* * LOSSES * % Jex * * LLOSSES * § Z * RESISTANCE @ 85 C

* * 28 C * 28 C * * 85 C * 85 C * PRIMARY SECONDARY
» * (watts) * (volts) * (watts) * * (ohms) (ohms)
I FEEEREETREEEEEEEE ISR ERARZZEE RS SRS SRR RS2 2R R 2R 2 R 2 R R EE R B B X RE R R PG Gy gy
* * * * * L 4 * *

* 300 * 1318 * 1.692 * 480 = 3200 * 3,16 * 0.03365 * 0.001662
* * * * * * * *

I XX Z SRS RZSRARRES 24222222222 22 2222222222222 222222 X RS

(22 2 S RS2SRSS 2222222222222 22 22l 2222 X2 22222

* * *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO

* HV LV * 400 Hz, 18 SEC. *

* (kv) (kv) * (vrits) *

KRR R R AR AR AR RN R AR RN R AN RAA IR AIRA AT  an AR h kAR bk kb Ak hc kb Rk kd
* * *

* 12 4 * 416 * A/B 3.994

* * * C/A 3.993

* * * B/C 3.992

* > *

I EE 222 SRR R R R R SRR RS2 R X2 R A P RN E R RS R X2 2R RS R X222 222X 22222222 F 2]

ANSI STANDARD IMPULSE TEST PERFORMED AT 30 KV BIL.
AA MEASURED TEMPERATURE RISE (C): HV - 49.3 Lv - 48.9

IMPEDANCE AND LOAD LOSSES AT TAPS:

(1-2) = 3.05% AND 2720 WATTS, (5-6) = 3.18B% AND 3282 WATTS.
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:

H-G = .379, L-G = .539 AND H-L = .292
CERTIFICATION: / p
I‘ I N
TEST TECHNICIAN /41 %—/ ENGINEER /\Lt‘l”‘_)J ‘l&; O
~ /

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

4\ Eb KB E-29
FAEPED

4564 82 OWn BOVER £g CORPORATION - A MEMBER OF THE ASEL BROWN BOVER GROUP




ELB /A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02898-1

STYLE NO. 810300B0O01

KVA 300

TEST DATE OCTOBER 8, 1990

[ X2 XSRS RRZ 2R 2222 2R 222222222 2222222222222 2 2222222 22X

* TOP * % VOLTAGE * COIL 1 * COIL 2 * COIL 3 *
Y 2 22223 2 kX222 22222 2 222X Z SRS 2222224 X222 22X 2R XX R TR ERRRRPR LR
* = * * * *
*INCEPTION 150 * 32 pc * 35 pc * 32 pc »*

[ XX EEE R SRR R R SR XXX RS2 22222 2222222222222 222222222 222X 22022

[ 22 Z X2 R R X SRR R AR 222X RS R 2R 22 S X2 X XA 22 2222 R 2R R 222222222222 2222 2 22222 XX R

* BOTTOM * % VOLTAGE * coIL 1 * COIL 2 * COIL 3 +
'Y Y 2 X222 2222222222222 2222222222 X 22222 A XXX 222222222 2% T
* ] * »* * *
*INCEPTION  +# 150 * 15 pc » 35 pc » 31 pc ¢+

[ XSS YX XSRS 2SS R2SSSSERRARAA RS2 222 X222 R 222 22222222222 X222 2 2]
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ELB A NATIONAL INDUSTRI

2520 58t Street Tetspnone Teiex Teietax
Mampion Virginig 23661 (804, 838-8080 82-3646 (804, 838-8905

TRANSMITTAL LETTER
FOR

CERTIFIED TEST REPORT

RE: A3B SE~VIZZ (CO. DATE: ¢e7 16 1990
2382 E. ARTE3IA BLVD.
LONG BEACZH, CAa 90805 SHOP ORDER NO: 028930

ATTENTION: ROGEZR RATICAN
JO8 NAME: TB8aA
CUSTOMER: ABB SERVICE CO. P.O.NO: LS-0l446-C

LUe are transmitting hereuith four (4) copies of the Certifieg Test
Rkeport for yvour recorcs.

:f you have any questions, please do not hesitate to contact me.

St
Libby SmT

Customer Service Supervisor

Stnceregly,

ABB -
EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP

EETER LI LN NP R




EL /A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02899-1 STYLE NO. 840750B0Sé6 TEST DATE 10-15-90
NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hert:z
KVA: 750/1000 CLASS: AA/FA AVG WDG RISE: 75 DEG.C
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 11v- 30
CUSTOMER: ABB SERVICE CO. PO# LS-01446-C

LONG BEACH, CA 908C5

| 22X EZ RS REXEERERASS AR AR SRR R2 22t st is i st i iR s 2R 2R R L ]
* * * * * *

& »
* KVA * NO LOAD * * TAP * LOAD * * TOTAL SERIES *
» * LOSSES +* % Iex * * JOSSES * % Z +* RESISTANCE @ 95 C «
® * 22 C » 22 C » * g5 C * 95 C * PRIMARY SECONDARY =
* * (watts) * * (volts) * (watts) * * (ohms) (ohms) «*
122 2 2R R R R R R RS R R RRRE 2R RS2 X2 22X R22 2222 X222 X2 X222 22222222 2% X 2% ¥
* * L] * * ® * * *
* 750 w 2022 * 0.647 * 12000 =* 5159 * 5.41 * 6.02399 * 0.002718 =
* * * * * * * * *
| A X222 RS2 R222AA22X222 222222 222222222222 iS22 22822222220 X 2

L2222 RERERRSX2 2222 RRR2222R222 222222222222t 2222222 X2 22222222 RX2 X222 R4

* * * *
* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO *
* HvV Lv * 400 Hz, 18 SEC. * *
* (kv) (kv) * (volts) * *
22X Z2AEREERXEEESRSRARZR2ARRXA 22X 222X X2 X222 X222 2322 X2 2 2X2 2222 X2 8222222 X R X
] * * *
* 34 4 * 960 * A/B 43.271 *
* * * C/A 43.259 *
* * * B/C 43.260 *
* * * *
I 2222 2ERSEXRRXRSS2 X222 2222222282222 22 22222222 2 2liz22 222X 2222282 2X2 R X2 X )

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

AA MEASURED TEMPERATURE RISE (C): HV - 63.6 v - 63.2
FA MEASURED TEMPERATURE RISE (C): HV - 56.9 Lv - 50.2
IMPEDANCE AND LOAD LOSSES AT TAPS:

(1-2) = 5.33% AND 5020 WATTS, (5-6) = 5.52% AND 5340 WATTS.

PARTIAL DISCHARGE TFST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST FIrFORMED AT 2.5 KV:

4-G = .805, L-G = .495 AND H-L = .182
“ERTIFICATION: / _ A
Ve [
TEST TECHNICIAN =, ¢~ L ENGINEER /2 2/ ‘/ ;‘,/;/_g,’.y’
// /

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661
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EL A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER (2899-1

STYLE NO. 840750B056

FVA 750

TEST DATE OCTOBER 15, 1990

R R R 2222222 X2Z22222 2 22 R X2 2 X2 2 2R s R R 2222222 2222222 X222 YRR RR R |

* TOP * § VOLTAGE * COIL 1 * COIL 2 * COIL 3 *
X X2 X223 2222222222222 222222222222 222 222222 2 2 2 R R R XX R R R SR TR RS
* * * * * *
*INCEPTION * 150 * 5 pc * 3 pc * 5 pc
I X S 2222232233223 2222 322222222222 222222222322 22222 2R XX LR R E R L S
* * * * * *
*EXTINZTION ¢ 110 * 0 pc * 0 pc * 0 pc *

I E R E SO S Z R E X R AR ER R RS SRR RS2SR 2R R 2R i 222 2222 22 2222222222232 X2

I X F 222 XX R RSS2 2222222222 X222 2 2 R 2222222 222222222222 X222 X 0

* BOTTOM * Y VOLTAGE * COIL 1 * COIL 2 * COIL 3 *
IR R R R R R RS R R R SRR 2R R R X222 R 2R 22 22 222 222 2 222 2222 2 222 22222222 22222
* * * * * *
*INCEPTION * 150 * S pcC * 3 pc * 3 pc *
I I R I P T R R R R R R R R R AR R RS XX RS RS2 2222222 R 22 2 X2 2 2o 322X 22 222222222 22X%
* * * * * *
*EXTINCTION = 110 * 5 pc * 3 pc * 3 pc *

I Z 22 E RS RXSERSESZE SRR S A2 222222 XXX 22222222222 X2 2222 2222222222t 2R

A DD B-47
FADDDD

ASEa 8ROWN BIVER EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUF
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£ A NATIONAL INDUSTRI

2520 S8m™ Street . Teiephone Tewex Telelax
Hampton Virginia 23661 (804) B38-8080 82-3646 (B04) 838-8905

RE: &38 SERVICE CO. DATE: -qp q
2362 ©. ARTESIA BLVD. o116 1%
LONG BZACH, CA 90805 SHOP ORDER NO: 029004

ATTENTION: ROGIR RATICZAN
LJJB NamMg: TBA
CUTTIMER: aAEB SIRVICE CO. P.O.NO: LS-0l44¢-C

es

We are t-ansmitting herevith four (4) copies of the Certified
Repor<t for your records.

If you nmave any questions, please do not hesitate to contacst me.

Sincerely, . s
P St TA
m.,g,!;-—&-k

Lithy Smih

Customer Service Surervisor

A\ nn B-52 .
[KIPED i .
: EB CORPORATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP




£ /A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP CRCER 02900-1 STYLE NO. 81050CB0OO1 TEST DATE 10-10-90
NOMINAL VOLTAGE: 480 Delta / 208 Grd-Wye Three Phase 60 Hert:z
KVA: 500/667 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 30 L1Lv- 30
CUSTOMER: ABB SERVICE CO. PO#¥ LS-01446-C

LONGBEACH, CA 90805

I Z A R R R R R R R R RS EE RS RSS2 RdRR RS RS Rdl sl l i s sl il sl i XL s R K

n * * * * * *

* KVA * NO LOAD * * TAP * LOAD * * TOTAL SERIES

* * [JOSSES * § Iex * * LOSSES * % Z * RESISTANCE € 95 C

* * 25 € = 25 C »* * 95 € =* ¢35 C * PRIMARY SECONDARY
* * (watts) +* * (volts) (watts) * * (ohms) (ohms)

L XX EXIEEEEEZEAS SR EEEZAR SRR AR iSRS ll il il 2 2 223X AR R SRR X X 8 R TR P
* * * * * * * *

* 500 * 1483 * 0.953 = 480 * 6204 * 6.22 * 0.02384 * 0.001183

* * 4 * ® * * *

22 2 R XX E R R R EE R R RS2 2RSSR R 22222222 2R s RSt 2222222222 X

I ZE2EZEAREEZEEEEXEEEZEEES RS EA AR RS2 a2 s 2 2 a2 a2 i s s s 2 R e R X 21

* * *

* APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIO
* HV v * 400 Hz, 18 SEC. *

* (kv) (kv) * (volts) *

(22 XSRS RE22 8222222222222t 22X 22222 R 8222l 2 i3 0 st i 2 2 R et R R X
* * *

* 12 4 * 416 * E/B 3.994
* * * C/A 3.991
* * * B/C 3.991
* * *

*

I Z X Z 2 R XSS XS SR X 2SR R XA R SRR 2222222 2Rt s R Rl it RS

ANSI STANDARD IMPULSE TEST PERFORMED AT 30 KV BIL.
RA MEASURED TEMPERATURE RISE (C): HV - 53.1 v - 54.5

FARTIAL DISCHARGE TIST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:

KE-L = .296, HKH-G = .605 & L-G = .338
IMPEDANCE AND LOAD LOSSES AT TAPS:
(1-2) = 6.11% AND 6442 WATTS, (5-6) = 6.32% AND 6122 WATT
e
TRTTFET TON* I
CTRTIFICATION: s =
TEST TECENICIAN ——+ 77~ LT ENGINEER ™ chvga v T blon=—

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

AL Ep ER E-S3
FAIELY

ASEL MOl WNBLVEE

£8 CORPORATION - A MEMBER OF THE ASEA BROW BOVERI GROLP




ELB /A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02500-1
STYLE NO. 810500B001

KVA 500
TEST DATE OCTOBER 10, 1990

222222222 2R AR QR Rild s il sl R AR 2R R R XL TR N R EP PP PRI gapayes

* TOP * % VOLTAGE . COIL 1 * COIL 2 * COIL 2 *
(X3 T332 XXX 2R R 22 2222222222 2222222 2R R R R R R R R R R R Y
« * * ® ] . *
*INCEPTION * 150 * 30 pc * 35 pc * 30 pc *

I I X2 EXER 2R R A2 2 XXX 222222 222 2 22 2 R 222222 R R R

(2232332222222 2222222222222 2 Rl 2222 22 R 2 2 2 a2 2 2 222X Y X0y Xy n

*+ BOTTOM * %t VOLTAGE * coIL 1 * COIL 2 *  COIL 3 ¢
I X2 R X XXX 2X2X2222322 22222 3 XX XX R Z XX 2 X2 A2 XA R X2 R XX R R R R R R R R SR R §
* * [ 4 L * *
*INCEPTION * 150 * 32 pe . 35 pc * 32 pc *

222X XXX XX X222 2222 X222 2RSSR ZRXS 2222222222222 2222222 222X 222X Y22

AL ED KR B-54
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EL /A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

;HOP ORDER  02901-1 STYLE NO. ©841500B109 TEST DATE 10-08-50
IOMINAL VOLTAGE: 12000 Delta [/ 480 Grd-Wye Three Phase 60 Hert:z
VA: 1500/2000 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
NSTLATION RATED AT 185 DEGFREE C BIL (kv): HV- 985 1v- 30
J'USTOMER: ABB SERVICE CO. PO# 1S-01446-C

LONG BEACH, CA 90805

2222222222322 222X 22X 222 Rt 222X dR 2R R XX R R EEEEE LR RIREERY

3 * » * ® L] * *
r KVA *= NO LOAD * * TAP * LOAD * * TOTAL SERIES *
J * LOSSES * % Jlex * * LOSSES * % Z * RESISTANCE @€ 95 Cc +»
r hed 23 C » 23 C = * 95 C * 95 C * PRIMARY SECONDARY =
v * (watts) « * (volts) * (watts) * *  (ohms) (ohms) =
A EZEEERE R EE AR AR R RRRRE SR RN ERERE RS R SRS R A R R XA R XX R A S R R X R R R SRR R R R R 2SR R R R SR RRRER S
3 1 * ® * * * w *
* 150C « 36B9 * 0.647 * 12000 * 9441 * S5.60 * 2.43206 * 0.001307 =
4 * 4 * ® * * * *
EEEZ R E R R R R R E R E AR SRR SR RERR AR AR EREX SRR SRS S S SRR SRR SRR R AR R EZEEZ RS RS E T F R RN

(E 2 2R R R ERERR R R R AR R R SRR R R R R AR RS R X RS R R R RS R R RS R 2222 R 22222222 X XS0 X 4

L] ] * *
. APPLIED VOLTAGE * INDUCED VOLTAGE * NOMINAL RATIC *
* HV Lv * 400 Hz, 18 SEC. * *
* (kv) (kv) * (volts) * *
(A2 AZXEEZEREEEEESZEASRRARER R A2 X2t ii s i i s 8 A 2Rl 2 AR 2R R2RE 22
4 * * *
. 34 4 * 960 * A/B 43.285 *
" * * C/A 43.255 *
* * * B/C 43.265 *
" * * *
2R XX R R R XX R SRR AR RS AR R X SR REEERSZ222SR2R RS2SR 222222 220 R xR R

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.
AA MEASURED TEMPERATURE RISE (C): HV =~ €67.4 Lv - 64.8

[MPEDANCE AND LOAD LOSSES AT TAPS:

(i-2) = 5.51% AND 9129 WATTS, (5-6) = ©5.77% AND 9794 WATTS.
PARTIAL CISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWIZIR FACTOR TEST PERFORMED AT 2.5 KV:

i-G = .224, L-G = .501 AND HK-L = .196

CERTIFICATION: P

: b -
"EST TECHNICIAN T /Céﬁi»—-__= ENGINEER ’Qﬁbw g “4Za‘&

F \\\\\j
NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

B-€0

E ZDRDDRAT.ON - A MEMBER OF Twi A5Z4 BROWN £D,85 GR1US
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EL A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02%01-1
STYLE NO. 841500B109%

KVA 1500
TEST DATE OCTOBER 8, 1990

'S IXEEXXXXERESR SRR RS2 A2 222222l il il ey PR F Y Y Y Y RS RNl

» TOP * Y VOLTAGE * COIL 1 * COIL 2 » COIL 3 ’
'S 22222 RZ2AZX2R A2 RS2 22222222222 222222 X222 XX R 2T R R XX R Ry X X R R Ry
- » * * * ’
*INCEPTION * 150 * 30 pc * S pc * 20 pc ’
(22 X2 222222 2X 2222 R 2R X222 22 222 22 22 2222222222282 22222222 Y 2 aeyyy ey
* * * * * *
*EXTINCTION # 110 * 0 pc * 0 pc * 0 pc ’

222X SRR XX 2222222222222 222222222222 222222222 2223222 X2 O Eyeaey

IZZIX 222X XX RS2SR RSS2SR R 2222222222 R 22 222X 2222222222222 22 X

* BOTTOM * % VOLTAGE * COIL 1 » COIL 2 * COIL 3

I 2R R 2SR RS RS XXX 22X RSXR RS2 2222 X222 2232222222222 X222 X 0
® * * * *

*INCEPTION * 150 * 30 pc * 3 pc * 25 pc
(22 XRZESX2ZZRZ2ARRRZEXRX2AZARZ2AR 2222222222222 22X222 2222222232822 222X 2 X2 2
® « * *® *

*EXTINCTION = 110 * 0 pc * 0 pc * 0 pc

I 22X RZ RS2SR 222 X2 222 2 X222 X2 2 2222232222222 2222222222222 2222 22222 X223 N
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ELB /A NATIONAL INDUSTRI

2520 58t Street " Telaphone Telex Teletax
Hampton Virgima 23661 (804) 838-8080 82-3646 1804) 838-8905

TRANSMITTAL LETTER
FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE CO. DATE: ‘o716 190
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 29020

ATTENTION: ROGER RATICAN
JOB NAME: TBA
CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any questions, please do not hesitate to contact me.

Sincere

atty Dorris
Admin. Assist. MXt.

All I; B-66
l.l EB COR- -ATION - A MEMBER OF THE ASEA BROWN BOVERI GROUP
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EL /A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02902-1 STYLE NO. 841500B110 TEST DATE 10~09-90
NOMINAIL VOLTAGE: 12000 Delta / 480 Grd-wWye Three Phase 60 Her
KVA: 1500/2000 CLASS: AA/FFA AVG WDG RISE: 75 DEG C.
INSULATION RATED AT 185 DEGREE C . BIL (kv): HV- 95 Lv-
CUSTOMER: ABB SERVICE CO. PO# 1LS-01446-C

LONG BEACH, CA 9080%5

T2 X222 RRRR AR RS SRR R d Rl il il R R R R R R R R R RIS

- * * * * * *

* KVA * NO LOAD +* * TAP * LOAD * * TOTAL SERIES

» * LOSSES * % Jex » * JOSSES * & Z +* RESISTANCE @ 95 C
- * 29 C = 29 C » * 95 C * 95 C * PRIMARY SECONDAR
» * (watts) * (volts) * (watts) * * (ohms) (chms)
122222 2Z2 2222222222222t R i s il il il R R R R R R R R R SRR ]
- * * * * 4 * *

*+ 1500 ¢ 3759 * 0.746 * 12000 * 9428 * 5,77 * 2.40637 * 0.00131
» * * 1) * » * *

[E XX EXX22ZX22R22 AR 22 222 2282222222222 XXX XYY R LR XL E L 3

[ XZ2 XX 2 X222 222222222 X222 2R 2 R X2 R 2 2 2222 222222 22X 2 X222 XXX X2 3 2 X2

* * *

* APPLIED VOLTAGE * INDUCED VOLTAGE - NOMINAL RATIO

* HV Lv * 400 Hz, 18 SEC. -

* (kv) (kv) * (volts) *

I 2 2 X2 X2 X223 X222 X2 XX 222X ZR SRR 2R R R ER 22X RRERR 2 XX 2 8 X
- * *

b 34 4 * 960 * A/B 43.303
. ® * C/A 43.289
* * * B/C 43.289
2 * *

' P R S AR R 222 X2 22222222 2222222232 2232222222222 X222 2 X222 2 R 24

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.

IMPEDANCE AND LOAD LOSSES AT TAPS:

(1-2) = 5.65% AND 9192 WATTS, (5-6) = S.91% AND 9872 W!TTS
PARTIAL CISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTOR TEST PERFORMED AT 2.5 KV:

H-L = .235, H=-G = .201 & L-G = .476

CERTIFICATION: ///// .
= /c//

TEST TECHNICIAN -~ ", ¢«>» A 7~ ENGINEER /:;"’% v! 0”41’\1[
/

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

A LD B-67
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EL /A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER 02902-1
STYLE NO. 841500B110

Kva 1500
TEST DATE OCTOBER 9, 1990

[T 2222 XX3XR 222222222222 R 222X 22222222 22X Y PR R R R R R N R R R IRy

* TOP * % VOLTAGE * CCIL 1 * COIL 2 * COIL 3 ’
[ T2 XXX X223 22222222222 Gl 2222222 R38R 3R Ry ey R Sy ]
* * * * L ] )
*INCEPTION ¢ 150 * 10 pe . 40 pc *+ 30 pc

(2 XXX 222 ZRZRAS2AZ2EAZERER 222 X222 2322222 222X ERY YRR L 2 TR LR PR PPN
* » * * *

*EXTINCTION +# 110 . 0 pc . 15 pe « 10 -c

(2 A2 X232 XX X222 2R 2222222222222 22 222 i 2222223222 2222222322222 X0 EY 2R

[ 232X X RXZRRRXERR A2 222222 X2 X2 X2 2222222222222 X2 X222 222 2222222222228 8

* BOTTOM * § VOLTAGE * COoIL 1 * coIl 2 * COIL 3 ’
I Z X2 XXX YXEEZZZZARXEZ XA RZZSXX SRS RER2 22X 2 X X 30 I ZE2XZ 222222222 XX2F X
- * * * * 1
*INCEPTION » 150 * 20 pc * 40 pc * 20 pc '
( 2Z X X2 X222 XX22X2 2222222 XSZXEX2R2R2 2222222222222 2222222222222 RX2E 2R 2R
* -* * ] » 1
*EXTINCTION * 110 * 10 pc * 15 pc » 4 pc :

1 2222 RZS RS RS SRE SR 22X 2RXS X222 222 X222 XX X2 R XR2 2R 2X2 X2 R A2 X222 X2 2 X Xl

A DI B-68
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EB /A NATIONAL INDUSTRI

CERTIFIED TEST REPORT

SHOP ORDER 02904-1 STYLE NO. 840500B050 TEST DATE 09-19-90
NOMINAL VOLTAGE: 12000 Delta / 480 Grd-Wye Three Phase 60 Hert-
FVA: 500/666 CLASS: AA/FFA AVG WDG RISE: 7S DEG C.
INSULATION RATED AT 185 DEGREE C BIL (kv): HV- 95 Lv- 3¢
CUSTOMER: ABB SERVICE CO. PO# LS-01446~C

LONG BEACH, CA. 90805

2 2 R Y R 2 2 R TR R R R R R T

* * * * * * *

* KVA = NO LOAD * * TAP * LOAD » * TOTAL SERIES

* * LOSSES * % Jex * * LOSSES * % Z * RESISTANCE € ©5 C
* * 26 C *» 26 C = v 85 C * 95 C * PRIMARY SECONDARY
* * (watts) * * (volts) * (watts) * *  (ohms) (ohms)
(22222 ZX22Z2 222222222l s s R il i sl i i i I RIS R R R R RN R P S SRR RS R B
» * - * - * * Py

* 500 » 2244 * 1.689 * 12000 4499 * 5,57 * 13,50484 * 0.004515
1 ] » * * * * * *

(12222222 X2 22222 RR R A2 R 2222222222 R il il il 22 a2 22X R R R RER DL LR R E

(222 X2 2222222222222 R 222 s s R A2 X222 22X 2222 X222 22222 R R R X X 2 XN

* * *

* APPLIED VOLTAGE hd INDUCED VOLTAGE * NOMINAI RATIO

* HV v * 400 Hz, 138 SEC. *

* (kv) (kv) * (volts) *

 Z X X EE X R EE R RS RS AR EAZ R AR R AR A REEERRR SR AR AR Z2R Y22 REERSSARRRES R R RER R
* »* *

» 34 4 * 960 * A/B 43.267

» * * C/A £43.253

* * * B/C 43.260

* * *

(2222 2RSSR 2E222 22222222 222222 XXX RS RS2l 8 2222222222 RX2 222 X 23

ANSI STANDARD IMPULSE TEST PERFORMED AT 95 KV BIL.
AR MEASURED TEMPERATURE RISE (C): HV - 66.6 v - 54.0

IMPEDANCE AND LCAD LOSSES AT TAPS:

(1-2) = 5.51% AND 4344 WATTS, (5-6) = 5.73% = 4638 WATTS
PARTIAL DISCHARGE TEST PERFORMED, SEE ATTACHED FOR TEST RESULTS.
POWER FACTCR TEST PERFORMED AT 2.5 KV:

E-L = .186, H-G = .182 & L-G = .677
//
CEIRTIFICATION: /-
/// {f// _ f / / ’4 i
TEIST TECHNICIAN _ -, ~- e e ENGINEER =/ [/ ;Qaggqt

’

NATIONAL INDUSTRI TRANSFORMERS, INC.
HAMPTON, VA. 23661

ADE B-73
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£ /A NATIONAL INDUSTRI

252C 58m Street Teiephone Telex Toielax
ramptor Virginia 23661 (804, 838-8080 82.3646 (804) 838-8905

TRANSMITTAL LETITER
FOR

CERTIFIED TEST REPORT

RE: ABB SERVICE Co. DATE: 0CT1¢6 1380
2382 E. ARTESIA BLVD.
LONG BEACH, CA 90805 SHOP ORDER NO: 29040

ATTENTION: ROGER RATICAN
JOB NAME: TBA
CUSTOMER: ABB SERVICE CO P.O.NO: LS-01446-C

We are transmitting herewith four (4) copies of the Certified Test
Report for your records.

If you have any guestions, please do not hesitate to contact ne.
Y Y P

Patty Dorris

Admin. Assist. Mkt.

Sincerely

nn E-74
Allll

Ayts gt
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E£L /A NATIONAL INDUSTRI

PARTIAL DISCHARGE TEST DATA

SHOP ORDER (2904-1

STYLE NO. §40500B0O50

KVA 500

TEST DATE OCTOBER 11, 1990

[ 222222223222 222 2 822 R a2 22222 22X X222 2R 2 8 X X R R E R R R R R R R Ry

* TOP * % VOLTAGE * COIL 1 ¢ COIL 2 * COIL 3 ’
' Y2 X2222282 2222222222 22 2R 22222222 s s il R s R P R R R R R L]
* * * * * ’
*INCEPTION * 150 * 3 pc * 5 pc » 15 pc ’
R X E X ES X RS E 22 X222 R X2 2 R 2222222222222 2222 222X 2222222 222 X2 R X ey yey
* ] * * * L]
*EXTINCTION * 110 * 0 pc * 5 pc * 0 pc ’

'Y E222ZX2ZZZXER22S2 K22 222222 22222222222 2222222 2222222222 22222222222 ¥ 2T

Y2 XZE I 2 X2RAZ AR XX A2 2R 2 X2 2222 2R X222 222X 222 22222 2222222232222 X3 RRyl

* BOTTOM * % VOLTAGE * COIL 1 * COIL 2 * COIL 3 ’
2 XX EEEXE2 22 XX 2SR 2 222222222222 2232232222222 2 2222322222223 XY 2 X
- - * * E ] 1
*INCEPTION * 150 * 3 pc * 5 pc * 15 pe '
[ZZZ2EXSRSRXRAARERRRAZ SRR SRR X222 222222222222 il iio it a2t 2 s s s Xl
- * L 4 * *

*EXTINCTION * 110 * 0 pc * 5 pc * 0 pc

I X2 R R R R R X EE RS2SRSS X 22X 222 X222 2222222 XA s s 22 222222 222222 RRR2RRE 2
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Appendix C

Operating and Maintenance Manuals
and Product Information
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August, 1985 Manual 7421-1

Sasgued siudn s Manua! 7421 1 Dened 8/84 {er Clonaos 742 And 7422}

Instructions for Receiving, Installing
Operating and Maintaining

DRY TYPE
TRANSFORMERS
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Do Mot Jech Or Pull Enoe

Rolling And Jscking Ares

Uss Four Rotier Shie Dotlies As Shown To
Prevent Distontion Of Base And Enciosure

SQUARE D COMPANY
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DRY TYPE TRANSFORMERS
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Dry Tvpe Corc 4ng Coll Assemnbly, Compact Type, In 36" Deep, Ventilatec Enclosure

INSTRUCTION
MANUAL 7421-1

SQUARE D COMPANY
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INSTRUCTION
MANUAL 74211

DRY TYPE TRANSFORMERS

1421
142

Guide For The
Operation And Maintenance Of
Indoor Ventilated Dry Type Transformers

This mnsiruction manual covers pencral recommendations
for the operation and mamtenance of dry type distribu.
non and power transformers.

Tire successful operation of these transformers 1s depen-
dent on proper msialiation, loading and muntenance as
well as on proper desien and manufacture. As with all
clectnic apparatus. negect of certamn fundamental reguire-
ments mav lead to senous trouble. if not 1o the loss of
the cquipient. For tns reason. a wide distribution of
formation m regard 1o the care of dry type transformers
1s imporiant, and these brief mstructions are pubiished for
that purpose.

In addition to the use of this guide. the factory may be
consulteé for specific recommendations on special condi-
nons. Also reference may be made 10 other pubiications,
some of wiuch are hsted in the Appendix.

1. INSTALLATION
A. Location

Factors which should be kept clearly in mind in locaung
dry type transformers are accessibitity, ventiiation and
atmoesphenie condiions.

Ventiaied dryv type transformers normally are designed
fur nstailauon indoors in dry locations. They will vper-
ate successtuliv where the hunudity 1s hugh but under tius
condition 11 may be necessary to take precautions Lo heep
them drv f they are shut down for appreciable penods.
Thus s discussed more fully under "Operation.”™ Locations
where there 15 dripping water should be avoided. [f thus s
not pussidie. suitable protection shouid be provided to
present water from enienng the transfornmer case. Precau-
tons should be taken to geard against acaidental entrance
ol wate:, such as nught occut from an open window, by a
brean 11 2 water or steam hing, o1 fromy use of water near
tire transformers. Adequate ventilation is essential for the
prope: cooiing of transformers Clean dry air 1s desirable.
Filtered air muy reduce muntenance 1f the location rre-
sonts 2 parucular problem. When transfornmers are instali-
cd n vaults or other resinicted spaces, sufficient ventije-
uon shouid be provided to hoid the air temperature with-

in cstablished limits when measured near the transformer
mlets. This usually will require a2 mumum of 100 cubic
feet of air per mmute per kilowatt of tansformer loss.
The arca of ventilating openings required depemds on tie
height of the vault. the focauon of opcnmgs. and tie
maxiumum loads 10 be carnied by the trunsformers, For
sctli-cooicd  transformers, the sequield cefiective wiea
shouid be at least une square foot cuch of mlet and outiet
per 100 KV A of rared transformer capacity. atier deduc-
ton of the area occupied by screens. gratings ur louvers.

Ventilated dry type transformers should be installed in
Jocations free from unusual dust producing mediums or
chemical fumes. Transformers should be located at leas:
12 inches from walls or other ubstructions that might pre-
vent free circulauon of air through and around each unit.
The distance beiween adiaceni transtormers should not be
less than this value. Alsc. accessibiiity for maintenance
should be taken into account wn locating a transformer. If
the transiormer 1s to be located near combustibie mate;-
1als, the nunimum separations established by the Natonal
Liectrical Code shouig be mantained,

The transfonner case is designed to prevent the entrance
of most small amimals and foreign objects. However, :n
some Jocations, 1t may be necessan 1o give consideration
to addiniona! proiecuion.

In general, a fiat, level industrial floor is adequate and no
special preparation is necessars because of the base con-
struction used on these transformers wiuch completely
chiminates the compheated process of grouting sills into
concrete floors.

17 noise 1s a factor in the location and operation of oy
transformers. speaial consideration should be wven to the
nstaliation 0! the equipment.

The nunulse stiength of these transformers is less than
that of hgmd-mmessed wmits of the sime volieee class. it
there 1s any likeithood that transtonmers will be exposed
to hghining or severe switchung surges. adequate protec-
tve eguipmen: should be provided.

“as

SQUARE D COMPANY
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Transformers of standard temperature nise are designed 1o
operate at altitudes up to and mcluding 2300 feet. Dryv
tvpe transfonmers are dependent upon an for dissipation
of their heat fosses and consequentiv the eficet of de-
creased arr density due to Iuch altirude as to mcrease the
temperature nise. Standard transformers can be used st
altitudes greater than 3300 feet af tie load to be carned
15 reducec beiow namepiate rating as follows

LA the transformer s dry type, sell-cooled. Class AA.

INSTRUCTION
MANUAL 74211

reduce the nameplate rating by 0.2% for each 330 feet
that the alutude is above 3300 feet.

2. I the transformer is a drv tvpe. forced air cooled,
Class AA'TA, 1educe the nameplate raung by 050
for cach 330 feet that the altitude is above 3300 feet.

If the maximum 24 hour average temperature of the cool-
mng air is reduced below design levels, the ajtitude himita-
tion of 2300 feet can be safeiv exceeded withiout reducing
the nameplate raung of the transformer within the hmita-
uons of the table beiow.

Maximum 24.-hour Average Temperature of Cooling Air, Degrees C

!

l Altitude
3300 Feet | 6600 Feet | 9900 Feet | 13200 Feet
Type of {1000 (2000 {3000 {4000
Apparatus Meters) Meters) Meters) Meters)
| DRY.TYPE CLASS
AA
80°C rise 30 26 : 18
115°C rise 30 24 18 12
15G°C rise K[o] 22 15 7
| DRY-TYPE CLASS |
AA/FA
BO°C rise 30 22 14 6
118°C rise 30 18 7 5
15C°C rise 30 15 0 18

8. Inspection

New transformers should be inspecied when received for
damage during shipment Examination should be made be-
fore removing from cars or trucks and any njury 18
evideni or any ndication of rouen handhing is visible, a
clann should be fued with the carrier at once and the
manufacturer should oe notifieg

Subsequently. covers o pancis should he removed and an
miernal mspection made for wury or displacement of
parts. Juose ot broker connections. cracked porcelain, dirt
or dorcien matenia and for the presence of fres water or
mowsture Corrective measures should be taken where nec-
essary. Siupping braces shouid be removed if provided.

After 3 transformer as moved. or 17 41 s stored befare
mstallation, thus anspecuor shouid be repeated before
placmyg the transformer in service.

SQUARE D COMPANY

After making 2" the necessarv pnimary and sccondary
connections the equipment should be thoroughly inspect-
ed. Before placing in service. the operation of fans, motors,
thermal relavs and other auxiliarv devices should be
checked. All bolied connections which may have loosened
in shipment must be tghtened before encrgizing. See
torque listing belfow.

Keps nuts must be tightened 1o the following torque:

Size 1/4  —~ 20 torgue 4.6 foot pounds

Size /16 — 18 worque 6-12 foo! pounds
;e 3/8 - ]€1o0rque 15:20 {oot pounds

Size 1,2 - 13 torque 25.30 foot pounds

Du not over ughten.

r-6
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MAKUAL 73211

C. Handine

Lzrge cov tipe transformers are correctly  handied s
snowt oeiow Tius method will prevent ¢amage 1o the
shoet ety engiosure using reasonabie care. These trans.
pormess are constructed On @ heavy, n@d base proviaed
sects i the phote. They
base using proper cavle

wili, sicrra, biung devices as

mast ve Lfted onhy lrom the

o

(S

SJIIUARE

DRY TYPE TRA

VLAY

—
—

NSFORMEZHS PSS

specaders te nrotect the enclosure, 11 they must be rolicd
o' s,agdec. use four rolier siad dolhies. one near cach mnte-
gral Bfung device. 1o prevent uppming and distoruon of

base and enclosure.

When venulated Gansformers are handled or stored out-
doors, tiiey must be compictehy protectied agunst any -

clement weather to prevent entiance of ram o1 snow.

COMSANY
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D.Grounding

Tiic case and core assemtiv of these transformers should
be pormunentiy and adequateh grounded.

2. TESTING
A. Insulation Resistance — Required
1. GENERAL

Tirc nsulation resistance test a1 of value for future com-
parative purposes and alse for determumng the suitability

INSTRUCTION
MANUAL 74231

of the transformer for energizing or application of the
bugh potenual test. THE INSULATION RESISTANCE
TEST MUST BL SUCCLSSFULLY COMPLETED FOR
FACTORY WARRANTY TO BE VALID. INSULATION
RESISTANCE TEST MUST BE CONDUCTED IMMLIDI-
ATELY PRIOR TO ENERGIZING THE TRANSFORM-
ER OR BEGINNING THE DIELECTRIC TEST.

All drv type unit substation transformers are given insula-
tion resistance tests at the factoiv. These values ure
recorded on o larpe megrer test tag., facsimiic shown
below , attached to the transformer.

IMPORTANT

READ CAREFULLY

FOR TRANSFORMER WARRANTY TO BE VALIL, THE FOLLOWING MEGGER TESTS MUST BE
MADE, USING A MINIMUM OF 4 1000 VOLT MEGGER, IMMEDIATELY PRIOR TO PLACING
THIS TRANSFORMER IN SERVICE. BEFORE USING MEGGER BE SURE TO DISCONNECT
UGHTNING ARRESTERS, FAN SYSTEM, METERS, OR ANY LOW VOLTAGE CONTROL SYSTEM
THAT IS CONNECTED TO ANY WINDINGS INVOIVED IN TH!S TEST. THE TABULATIONS
BELOW ARE VALUES OBTAINED ON THE FACTORY TEST FLOOR USING 1000 VOLY
INSTRUMENT WITH A 2000 MEGOHM SCALE. IF VALUES OBTAINED IN THE FIELD TESTS
ARE LESS THAN 1000 MEGOHM OR ONE-HALF THE FACTORY TEST VALUES UISTED BELOW
WHICHEVER IS THE LESSER, THEN THE TRANSFORMER S4HOULD NOT BE ENERGIZED UNTIL

TRANSFORMER SERIAL NO.

CATE V TEMP, ° C._.__

1T {5 DRIED OUT AS DESCRIBED IN THE INSTRUCTION MANUAL FOR DRY TYPE TRANSFORMERS.

LOW VOLTAGE TO GRD. MEGS.

LV. TO MV._______ MEGS. HV. 10 GRD.___ __ ___MEGS. BY  _

43004-081-01

IV the test 3 ac dost or destroned, refer to the factory
wircre g penmanent rezord of these test results 1s hepton
e

Tue Nold msuiauor resisiance tesi must be conducted
pumcdutely poor te encrgizaing the transfonmer. These

values, COLRICTED TO FACTORY TEST TEMPLRA.

SQUARE D COMPANY

TURE in degrees Centigrade. must be either 1.000 meg-
oluns or a numimum of one-halfl or more of the vaiues
obtaincd 1n the factory test when thus value is less than
1,000 megohms. 1f the corrected ficid test values are less
than the above mimmum, the transforme: 15 considered
unsafe to energize and wist be dned nsimg procedure
described under mamtenunce.

c-8
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2. TEST PROCEDURE
a If the transformer is not scheduled to be cnerpized
immediately, 1t 1s recommended that within one weck
after recemvinp. heat be piaced under the transformer to
insure dryness for megger 1est.

Sia 150 watt famps placed under the transformer:two
lamps under cach coil. one on each side of the core
should be used fur transformers rated 750 KVA and
below  Use sin 300 watt lamps for transformers rated
T3 w0 2000 KV AL Hcat should be supphed on o con-
tnuous 24 hour per dayv basis. Ventilaung openimgs
should be blocked durmy thus period.

b. Make sure transformer is clean using vacuum cleaner
1o nsure removal of all foreign material that may
affect insulation resistance test values.

c. Disconnect ALL high voltage, low voliage and
neutral connections, as well as hghtming arresters. fan
svstem. meters or anyv low voltage control system that
15 connected to anyv windings involved in this test. Do
not disconnect ground connection to transformer
frame.

PP Pttt
{ cautioN
R e

TEMPERATURE CONTROL SYSTEM (IF FUR-
NISHED) MUST BE COMPLETELY DISCONNECTED
DURING ANY TRANSFORMER TEST SUCH AS
MEGGLR, DIELECTRIC (111-POT). DOBLE. ETC..
TO PREVENT DESTRUCTION OF TEMPLRATURE
CONTROL CIRCUITRY. ’

d. Before beginning megger checks. jumper together all
high voltage connecuions. Make sure jumpers are ciear
of all stee’ .ind prounded parts. Also jumper together
all low ve. = and neutral connections again making
sure jumpers are clear of ali steel and groundec parts.

e Using 2 megger with a2 nunimum scaje of 2.000
megohms and minitmum ratung of 1.000 volts. make
megeer checks with the megeer connected as foliows
(Note Each megeer check 10 be mantained for a per-
10¢ of cne nunute.)

DRY TYPE TRANSFORMERS

SQUARE D COMPANY

1821
14822

(1) Ihgh voltage te pround
{2) Low voltage to ground
{3) thgh voltage to low voltage

{. Megger readings should be recerded along with test
temperatere (°C). If heat has been apphed to trans-
former, determine temperature of transformer at ume
of test by plucimg thermometer on top of transformer
core and allowing tme for thermometer reading to
stabilize. Using tabie «n page 6. deternune correction
multipher and multiply field test megper readings 10
obtain temperature corrected ficld test megger values.

g. If corrected field test megger value- are less than
one-half of factory test readings. the :ransformer is
not considered safe for energzing or performing di-
eiectric tests. Transformer should be dned as outlined
under maintenance section.

h. If the corrected field test values are one-half or
more of the factory readings or 1.000 megohms,
whichever is less, the transformer is considered safe for
conducting the dielectric test or cnerpizing. Trans-
former connections shou.d be remade and transformer
enerpized immmediate]ly after completing insulation re-
sistance test if dieiectric test is not to be compieted.

8. Dielectric Test — Recommended

I. GENLRAL

The dielectric test imposes 2 stress on the insulation since
the diglectric test voltage is higher than the normal oper-
ating voltage. The insulation resistance test must be suc.
cessfully completed immed:ately before performing the
dielectric test to prevent the possibility of transformer
failure cue 1o mossture. The dieiectric test supplements
the megeer tests by determining the suitability of the
tzansformer for ope:ation at rated voltage.

Ficld test voltages should not exceed T5% of factory test
values. For routine periodic checks test vol.age should be
€5% of factory test voliage. The high potentia’ test set
must be variadie 1o aliow 2 praduai increase of tes: voltage
from zero and pradual decrease after test is completed.

C-9
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Foliowing 15 a table showing factory dieicctric test voltages with recominended field and periodic test voltages relative to

the rated voltage of the respective windings.

Transformer ! Factory Recommended Recommended
Winding Rated ! Test Field Test Periodic Test
A.C. Voltage I A.C. Voltage A.C. Voltage [75%) A.C. Voltage (65%) |
1.2 KV & peiow i 4 KV 30 Kv 2.6 KV
24 KV |10 kv 75 KV 65 KV
416 KV ! 12 KV 80 KV 7.8 KV
48 KV 12 KV g0 Kv 7.8 KV
| 69 KV 19 KV 16.25 KV 1235 KV
72 RV 19 KV 14.25 Kv 12.35 KV
| 832 kv 19 KV 14.25 KV 12.35 KV
IIZ.O KV 31 KV 23.25 KV 20.15 KV
‘12 47 KV 31 KV 23.25 KV 2015 KV
1122 KV 31 KV 23.25 KV 20.15 KV
l 138 kv 31 KV 23.25 KV 2015 KV

Under some conditions. transformers may be subjected to a periodic insulation test using direct voltage from kenotron
sets. In such cases. the test direct voltage should not exceed the onginal factory test rms alternating voltage; e.g., if the
factory test was 31 kilovolts root mean square (kV rms}), then the routine test direct voltape should not exceed 31k .

Z. TEST PROCEDURE

a. Transformer must successfully pass the Insulation
Resisiance test immediately prior lo starting dislectric
tests.

t Recheck items c. d and e of insulation resistance test
1o mahe sure :ransformer remans compietely jsoiated
and yumipers are still connected.

¢ Jumper iow voitage windings tn ground.

¢ Connect lugh potenual test between high voltage
winding and ground. Gradually increase test voltage 10
desirec value. Allow test voltage duration of one minute
afie: which graguslly decrease voltage to zero.

¢. Remove low veltage 1o ground jumper and connect
gh potential tesi between iow voliage winging and
ground Repear test using proper test voltage for low
vollape winding ratec voltage.

T I tesis i qtems ¢ and e o not produce failure or
breshuowns. transioner 1s considered satisfactory and
1cady to be energized

g, Remoese all rumpers and reconnect primary nd
seconcany connections, hghtming arresters. control cire
culls. etc., that may have been discuonnected for test.
Energize transformer nimediately.

SQUARE D

3. STORAGE

Ventilated dry-type transformers preferably should be
stored in a warm dr: Jocation with uniform temperature.
Ventilating openings should be covered 1o keep out dust.
If it 15 necessany to leave a transformer outdoors it shouléd
be thoroughly protecied to prevent moisture and foreign
matenal from entering. Condensation and the absorpuon
of moisture can be prevented or greatly reduced by the
immediate installation of space heaters or other small
eiectric heaters. If more convenient, incandescent lamps
mav be substituted for the space heaters. For transformer
ratings 750 KV A three phase and below, use six 150 w 3tt
lamps, above 750 KV A three phase, use six 300 watt
lamps or equivalent. Two lamps should be Jocated under
each coil. one on each side of the core. Lamps or heaters
should be kept 4 - & inches from transformer coils and
shouid never be allowed to come 1n contac: with trans-
former coil insulation.

4. MAINTENANCE
A. Periodic Inspection and Maintenance

Like other electric equipment. these transformers require
maintenance from time to tme to assure suces <ful o:
tion. Inspection should be made at regular . zrvals wad
corrective measures tu-on when necessary 1o assure ihe
most satisfactory service from this equipment,

.

COMPANY
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The frequeney at wiich these transformers should be m-
spected depends on operaung conditions For clean dry
locations an nspection annually . or atter a longer penod,
may be sufficient. However, for otirer locanions, such as
moy be encountered where the airis contaminated with
dust or cienncal fumes. an anspection at three or six
month intervais may be requued  Usually after the first
few nspection penieds a denimite schedule can be set up
based on the existng conditions

With the transformer de-enercizec. front and rear access
panels should be temovec Inspections shz)uld be made for
dirt. especialiv accumulations on ansulating surfaces or
for those which tend 1o restnct air fiow, 1or loose con-
nections, for the condition of tap changers or termunal
buards and four the peneral condiuion of the transformer.
Observation should be made for signs of overheatng and
of voltape creepage over msulating surfaces as evidenced
by tracking or carbonization.

Evidence of rusting. corrosion and deterioration of the
pant shouid be cireched, and corrective measures taken
wiicre necessary .

Fans. motors and other auxiliary devices should be in-
spected and serviced dunng tiesc inspection penods.

B. Cleaning

If excessive accumulations of dirt are found on the trans-
former windings or mmsulators when the transformer isn-
specied, the it should be removed to peniit free arcuia-
tion of a1 and to guard aganst the possibility of msuls-
bon breakcowns Particuiar attention should be given to
cieaning top and bottom ends of winding assermbhes. and
to cieaning ou: ventdatng ¢ucts

The windings mav be cleaned with a vacuum cleaner, a
biowe- 0t with compressed arr. The use of a vacuum
cicaner e preterred as the fire step an cieaming foliowed
By the use 0 cominressed air or nitrogen. The compressed
3t- 00 nireese showd be ciean and ¢y and should be
arriied at a reizierd fow pressure (not over 23 psi). Lead
supPpPOClS, 1ar changers ang termuna. boards, bushings and
ethee migior ansulztme surfaces shouid be brushed or
wiped with ¢ ey cioth The use »f higuid cleaners is un-
dosirabic tecause sume of them have a solvent or deterwor-
aung eftect on most msuiaung materials

C Drving o Core and Con Assemibh

Whe: 1t s necessany 1o ¢ry out 2 trgnsiormer before in-

DRY TYPE TRANSFORMERS
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stallation or after an extended shutdown under relatively
Ingh hunudny conditions, one of the following methods
may be used:

1y External heat
2) Internal heat
3) External and internal heat

Before applyving any ol these methods. free moisture
should be blown or wiped off of the windings 10 reduce
the tume of the drying peniod.

1) Deving by External Tleat - External heat may be ap-
piied 1o the transformer by une of the joliowing methods:

a. By directing heated air into the bottom air inlets
of the transformer case.

t. By placing the core and coil assembiy in a non-
fiammable box with openings at the top and bottom
through which heated air can be circulated.

c. By placing the core and coil assemblv 1 a3 suit-
ably ventilated oven.

¢. By placing incandescent lamps in transformer en-
closure. Sce storape secuion for detaiis.

It s amportant that most of the hcoted air pe biown
through the winding ducts and not around the sides. Good
ventifation s essential in order that condensation wil] not
take place m the transformer atselt or anside the case. A
sufticient quantity of air - would be used 1o assure approns-
mately equal infct and outlet temperatures.

Whern using cither of the first two external heating meth-
ods. heat may be obtained by the use of resistance grnics or
space heaters. These may either be Jocated inside the case
ur bux or may be placed outside and the hea! blown nto
the bottom of the case or box. Tire rore and coil assembly
should be carefuliv protected against direct radiauion from
the heaters.

I 1s recommended that the air temperature should not ex-
ceed 110°C.

2y Drving by Internal Heat — Tius metiod requires volt-
ages and currents which mas be difficult to obtan in the
ficid and therefore is not used as frequently as exiernal

The transformer should be Jocuted 1o allow [ree circula-
ton ol air through the coils from the bottom to the top

r.12
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of the case. One winding should be short-circuited. and
sufficient voliage at normal frequency should be applied
1o the other winding to circuiate approximately nornm]
current.

It 1s recommended that the winding temperature not be
aliowed to exceed 10CPC.as measured by resistance or by
thermometers placed in the ducts between the windings.
Tne thermometers used should be of the spirst type be-
cause mercury thenmomelicts give erroneous readings due
10 the generat:on of heat in the mercury as 2 result of
induced eddy currents Tne end ternunals of the windings
fand not the taps) must be used in order to circulate cur-
rent through ihe enure winding. Proper precautior should
be taker 1o protect the uperator {rom dangerous voitages.

31y Dryving by External and Internal Heat — This 1s a com-
bination of the two metiods previousiy described. anc 1s
by far the quickest method. The transiormer core and coil
assemnbly should be piaced in 3 nonflammable box, or
kept in 1ts own case if suitabie, and external heat apphed
as descriped in the first method. and current circulated
through the windings as describec in the second method.
The current reqguired will be considerabiy less than wien
no externa; heating 15 used but should be sufficient to pro-
duce the desired temperature of the windings. It s recom.
mended tiiat the temperatures attained not exceed those
stated in the foregoing

D. Use of Insulation Resistance for Determining Drying
Tune

Drving time depends on the cond:ition of the transformer,
size. voliage. amount of moisture adsorbed. and the meth-
od of dning used

The measurement of insulation resistance is of value in
deternuning the status of drving. Measurements should be
taken before starting the dryving process and at two-hour
intenvals duning érvig. The initial value, il taken at ordin-
ary temperatures, mav be high even though the insulation
may no! be ¢nv. Because insulation resistance vanes in-
verseiy with temperature, the transformer temperature
should be kept approvimately consiant during the drvug
pesiad 1o obtamn comparatve reacdings. As the transfcrmer
12 heated. the presence of moisiure will be evident by the
rapic droy in resistance measurement. Foliowing this per-
10d the insuiation resistance wil; generaliv increase gracu-
aliy untui near the end of the drving period when it will
increase more rapidlhy. Someumes it will nse and fali
through a short range before steadyving because moisture

SQUARE D COMPANY
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in the interior of the insulation is working out through the
initially dnied portions. A curve with time as abscissa and
resistance as ordinate should be plotted and e run
should be continued urtil the resistance levels o. and re-
mains relatively constant for threc to four hours.

Insulation resistance measurements should be taken for
cach winding to ground with all windings grounded eacept
the one being tested. Before taking insulation resistance
nmeasurements the current should be interrupted and the
winding should be short-circuited and grounded for at
least one nunute to dram of{ any statc chuarpe. Ad read-
ings should be for the saine time of application of the test
voltape, preferably one nunute.

E. Cautions

Consiant attendz :ce during the drying process is desirable.
It is advisable to have a suitable fire extinguisher conven-
ient for use in the event of an emergency.

5. OPERATION
A. Removal of Covers over Openings

Covers over openings in the transformer case must not be
removed whiic the transformer is energized.

B. Effect of Hunudity

As long as the transformer is energized humidity condi-
tons are relativeiy unnmportant. In the even' that a dry
tvpe transformer is de<energized anc alicwel 10 cool to
ambient tempcerature, consideration must be given to the
possibie effects of hunudity.

I{ the shutdown penod occurs during low humidity con-
ditions no special precautions shouid be required before
enerczing the unit.

Expenience indicates that 1f a shutdown exceeding 24
hours occurs duning a penod of hagh humidity, parucular-
Iv if atmospheric conditions are such as tc cause conden-
sation withun the housing. then precautions should be
tahen. Small strip heaters may be placed in the botiom of
the unit shortly after shutdown to maintain the temopera-
ture of the umt 2 few degrees above that of the vutside
air. 17 such precaution has not been taken then the unit
should be mspected for evidence of moisture, and insula-
tion resistance should be checked. {f there 15 evidence of
moisture o7 if the insuiation resistance 1s low . the trans-
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forme: should be dned out by vne of e methods de-
sunbed

C  Tap Cnanging

After anstghanion, the outnut voitage of the transtormer
should be cheohed 3t some sgie uocess pam: on the joad
Never attemps te cheek the output voltage ot tne trans-
former since dangerous lugh vollage may be present with-
I tire trgnsiormer enctosure.

Wien the ouinu: or i0ad side voitzge rewnres gdusiment
Cither up 0 o, Ihe Neroeniase 13k nunpers tound on
the front surface ol the coils muside chaneed in all phases

{See pnote or front cover of tius balicun for tar appear.
wnce 1 Consult the tansfonme: diagramatic nameplate 1o
Hionmahion on what 1ar must be used to vorrect for high
or dew ancoming hine svoltage or fur voliage drop in the
vuiput or luad voliape due 10 jong winng rurs. Note that
waer the wouc voliage s iow, 1ap connecnions beiow 1007
vl ine voliare must be used to ratse the load voltage 1f
e juel voliaee s fngh t2p connecnions sbove 1007 of
e voliaze must be used to lower the luosd voliage.

After the correst ap connection has been deternuned
Tt bt neniopidie, this prozedure shoull be foliowed to

change laps

! De-enerpize transformer. Muke surce there 38 noe back

DRY TYPE TRANSFORMERS
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L

. Change tap jumper on cach vhase 1o the correct tap
connegtion Tap ununct must be on tie Same tap posi-
e on all phases.

<. Tar pumper st be mstalicd on upper side of coil L
with ugs or ends of cable tay wmpers positioned for
manimum cicotngal cicarance from ground and other
hive parts. Be sure bolts are tightened

tn

Repiace front access panels

¢ Lnergize tronsfonmer and rechech the outpni voitage.

APPENDIX

REFLRENCES

I Amencan Siancard for Transformers, Regulators and
Reactors. C27.0Z01. (371230, C371231 and
C3°.i2.91.

2 Ieytype Transfonmers for Genesal  Appheators,

NEMA Pub No STZ20-1072

X Commercial. Institutional and industnai Dnv-type
Transiormers. NDMA Pup Ne TRIT-1wel,

O

—

feed froms s iow voltage tie Drouney 4 Nauony! Blectaial Code NFPANo 70 ANSICL-1671

2 Kemovefrontacesss pancis fromtransormer enlosuic 3 Natwonal Fiootacs! Satery Code. ANS]CZ2-1975,

BOLT TIGHTNESS FOR BUS CONNECTIONS
FOR HARDWARE SHIPPED WITH TRANSFORMER

Torgue wn Foot Pounds

Bo't Materia' for Bot: Diameter

2520 % 3198 !} 3516 + 5013

Grade 1 & 2 : : . "
Heat Treatecd Stee! 46 © 612 0 1520 2530

SSUARE D COMPANY
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MODEL 85A

FAN CONTROL SYSTEM

Keeps Transformers
Rurning Cooler.

A $33/%
Ke.rrve Capacity.




The Sciare [ Model 85A “LIFE-GARD " Fan C. urol System is
state-oi-the-art instrumentation that protects the transformer and adds up to
3313 reserve capacity.

~This svstem provides precision control through the use of three high
accuracy thermustor type lemperature sensors, one installed in an air duct
of each phase coil of a transtormer.

Internal coil temperatures are transmitted by these sensors to a
microprocessor which is programmed to provide a digital displav of
temperature in degrees Celsius and the corresponding coil number,
Digital Display
The dignal LED display range is from 24°C 10 255°C in 1°C increments.
Characters are 0.56" high and clearly legible under all hghting conditons.
The Model 85A provides a choice of either:
A Continuous scanning of the three sensors with a three
second display penod for each coil temperature and
corresponding coil number.
B. Digual display of the temperature and number of the
hottest coil only.
For each display mode. two additional options are available:
1. Continuous temperature dispiay.
2. Displayv only when the “Read/Reset” or the “Read
Memory Max”™ switch panels are pressed.
For all displav modes. the highest temperature reached by any coil in any
previous interval will be displaved for three seconds when the “Read
Memonr Max™ switch panel is pressed. This temperature will be cancelled
and re; laced by the immediate maximum temperature when both “Read/
Reset” and “Read Memory Max™ switch panels are pressed simultaneously.
Thereatter, anyv succeeding higher temperature will be retained in memory
for later recall.

Contro’ Mode Light Panels

Three LE{} panels are provided 1o indicate control mode conditions. When
the green panel 1s hghted. it indicates that the control module 1s energized.
Similarly, the lighted vellow panel indicates that the fan circuit is energized.
A lighted red panel indicates that one or more coils are above normal
temperature and the alarm horn will sound.

If a temperature of 220°C** 1s detected by one of the sensors. the contro}
wil] injuate the emergency shutdown mode. Permanent insuiation damage
will occur above this maximum insulation svstem temperature. At this

Rcference: ANSI Standard C5?.71275Vl

point. the Red LED panel flashes and three dashes
replace the temperature numbers.

ated Average Switch Set Points Emergency . Acryal shutdown or other function can be
[ransformer - S s e e Shutdown . N : T : o
femperature Fans Fans Alarm Alarm  Emergencs  (ast Resin accompbshed by means of an optional. accesson
Rise® On off On Off Shutdown Transformers . relav.
s C T E TR ety BAAN Ry Fan Mode Control and Indicators
i ¢ }N R s N Selection of two modes of fan operation is provided
* ooy -t by the “Fan Mode” switch panel. When this
ased or NEAA and ANS Narsards of 30 U average and 30 U Maamun. amtuent for any awitch pant'l s deDTCSSPd. the tan modt mayv be

T hou penod beivw D o attiiuge

GTE Tne dipta) tempercivr Gistigves U Couav ine TOT A qempergrure of AVHENT -

changed trom manual 1o auto or vice versa. In the

1T NPT temperatures ot the SVERAGH temperciur mse Fxcwmpe b rranctormer 1S ' auto mode, the fans are turmed on and off

e 150 QUrral IPmPraiuTe NNV R ArT (CYTIES PGUE W 1dC IN o RANT .:n-mrn.‘ au‘omaucan_\- at th‘Cll.lf‘d pro;n‘ammed lemperature
nhrrcIuTe PR ETWRISLor SenLoT Qre IMSIQIIGC MESP e PHACPCNICG. Mol SPOT LT e cns .

TAIL gne ANS stawaceds peewit 6 30 ( magimum qiFrrenig Petueer geerage SrC mot Spov setl pomts. In the manual mode. the fans operate
nhcratures  Taererore tne @iois Cispiey wowd tmcicai erbroximaten o - 300« 03 0

200 tnta. Note tRGE e GG M ~wic nferate G (s Porn” proiiding ompc waming na!

conunuousiy . totally independent of ali temperatu-e

S Urgustormer 1s APLATOGCRING [RC MArI MM L. vQINPC (1ML O0f DI IRSMIQTINE BIem i oset p()ints. 11]? Selecxed fan mode s indicated b_\

one of the LEDs in the “Fan Mode™ switch panel.

High Temperature Alarm

i the operaung temperature of the transformer coils increases to the
programmed “alarm” set poist. the red LED indicator and the alarm hom
are activated. thus waming that the maxumum designed temperature nse

¢ N for Cast Resi Transtormens
v squar- [ Compant
LIFE-GARDY 18 a Repstered Trademark of Square ' Company
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Transformers Ventllated Dry

‘THE INFORMATION HEREIN IS BELIEVED TO BE
ACCURATE AND RELIABLE. HOWEVER. NATIONAL
INDUSTR! ASSUMES NO RESPONSIBILITY FOR ITS
USE OR MISUSE AND CAUTIONS THE READER TO
EXERCISE CAUTION IN THE INSTALLATION AND
MAINTENANCE OF THE PRODUCTS DESCRIBED
HEREIN."

General

This manua: adcresses genera' considerations for the
operation ang maintenance o' cry-type distribution
anc power transtormers

The successful operation of these transtormers s
dependent on proper installation. ioading ang mainte-
nance as well as proper desigr anc manufacture Dry
type !ransiormers reguire Litltle maintenance as
compared 1o otner types 0! transtormers, but appropr-
ate a‘'tenlion wili ensure their expected service life
Conditions of operation will getermine the extent of
maintenance reguirec A periocic inspection program
should be established tc monitor the effects of the
operaling conditions on the transtormers.

In add:!hion to this guide. the manutacturer should be
consultec tor recommeaations on special conditions.

Portions of the following information are re-printec
trom ANS! Appenaix C57 94 Guide for Installation and
Maintenance of Dry-Type Transtormers

Warning: Letha!/ Voltages will be present inside all
Iransformer erclosures ang at all connect:on points.
Instaliation ang maintenance shoulc be performed
only by personne! qualitied ana experienced in high
voltage equipoment De-energize the translormer belore
performing any, mainienance Or service work

Receiving

inspection

When receivel. new tra~sto-mers shoulc be inspected
tor gamage during shipment

Examinatic~ snouic be mage pe'‘cre removing them
trom cars o7 1'uCkSs anc 1* ary Iniuny 1S evigent Or any
InJicatton 0f r2ugt nandhing s v.s.ole a claim shows
be thec witr tne carrier @t once ang the manutacturer
notitec Subdsequently covers Or panets should be
removec anc a- irternal inspection maae for gamage
¢cr displacemen: 0! paris logse ¢ Droken connections
a:rt or toregr material. ang 'or the presence ot water
or mo:sture ' the transformer 1s moveg or ¥ its
stored before 'nstatiatior this inspecticn should be
repeatec before piacing the transtormer in service.

Handling

Natiorna! industri transformers are designed with
provisions for ifting, jacking or rothing. These
provistons will vary 1n detail, gepending upon the
weight. size ang mechanical contiguration ot the una

Enciosed transformers with htting luas on the
enciosure may be hitteg with appropriate siings or
chains Larger units will have provisions for lifting
from the base frame or from the top core clamps.
Units lifteg from the top core ciamps wiil usualiy
require that the top cover or part of the cover be
removed.

Caution: Dry type transformers should be maintained
in an upright position when being moved. No attempt
tc hanale a transformer in any other position shoulc
be made without lirst contacting the manulacturer.

Because of their migh center of gravity, dry type
transtormers are subject to hpping over gunng
handling Reasonable care during handhing will
prevent equipment damage and/or personne!l injury

When provisions are supptied for fifting larger units
trom the base trame, hfting slings. chains, or cables
shoulc be used with spreagers 10 avoid damage 1o the
enclosure The core and coil must aiso be bolted to
the base frame and anu-sway bracing provided

Core and co!l umits shouid be litted using only the
Ifting gevices providec on the core clamps Care
should be taken (o prevent gamage to bus work,
wiring anc termination assembhes during hifting. When
Iitting. tncrease tension gradually, go not jerk, jar, or
otherwise move the transtormer abruptly.

I{ the transformer canno! be lifted by a crane. 11 ¢can be
skicgec or movec on rollers Care shoulc be taken not
1C camage the base or up 1t over When rollers are
usez. skigds shoulo be used t¢ distribute the stress over
the pase

Laroe enclosec units with base frame type enclo-
sures. may be jacked using the base frame angies The
transtormers shoulc be jacked evenly on all four
corners {0 prevent warping or Lpping over

Care must always be taken to prevent any foreign
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Transformers Ventilated Dry

Installation
Handling (Continued)

material from falhing 1nto or onto the coils. Harcdware,
connecting parts. tools. or any tcreign material should
not be aliowea on top of the core and coil assembly.
Foreign matenal lodgec in a coil ouct can cause
eectrical tallure or overheating

NOTE: All hitting devices and shipping braces painted red
must be removed betore energizing the transformer.
Instaliation

Location

Major factors to be considerec when locating dry type
transformers are personne! satety. accessibility,
ventilation, atmospheric conditions. and sound level

When planning the installation. a location should be
selected that will comply with ali satety codes anc will
not interfere with the normat movement of personnel.
equipment. and matenal. The location should not
expose the transformers 1¢ possible damage trom
cranes, trucks, or moving equipment. It shouid be
remembered that a dent in the ¢nclosure may reduce
the insulation clearances to an unsafe leve:

As an added safety precaution. thought should be
given to the possibility of personnel inserting rods,
wire etc. through the ventilation openings of the
enclosure and thus. coming into contact with hive
parts. Transtormer ventiation openings are designec
in accordance with NEMA standards which require
that a '4” diameter rcd cannot be inserted through the
ventiiation openings.

The installation will be simplified if an outline drawing
1s requested. By studying the overall. ™ ~ting, ang
terminal dimenstons. 1t 1s possible to p .ne
instaliation with an orgerly arrangement of
connections

Core anc coil units (without case) usually have
mounting and terminal dimensions 10 suit the cus-
tomer's enclosure That enclosure shoulc Jive pro-
tection to the coils ang have adequale clec-ances anc
sufficient ventiiation openings. The manutacturer
shoul¢ always be consultec to determine these re-
quirements

Ventiated ary type transtormers can be designed for
instaliation indoors or outdoors. They will coerate
successfully wnere the humicity 1s high, but unger this
congition it may be necessary 10 take precautions to
keeg them dry if thev are shut down for extenoed
periods For locations where severe atmospheric
cong:tions prevaill, National Ingustri's Vacuum Cast
Cotl transtormers are recommended

Locations where there i1s dripping water shou!d be
avoided. If this 1s not possible, suitable protection
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shoulcd be provided 10 prevent water from entering the
transformer case. Precautions should be "2ken to
guard against accidental entrance of we such as
might be obtainec from an open window, by a break in
a water or steam line, or from use of water near the
transformers.

Caution: Adeguate ventilation must be provided for
Dry Type Air-Cooled Transformers.

Adequate ventilation is essential for the proper cool-
ing cf these transtormers. Clean dry air 1s desirable.
Filterec air may reduce maintenance it the location
presents a particular problem. When transformers are
instalied in vaults or other restricted spaces. sufficient
ventilation should be provided to hold the a
temperature within established limits when :© --asured
near the transformer inlets. This usually will ieguire
approximately 100 cubic feet of air per minute per
kilowatt of transformer 1oss. The area of ventilation
openings required depends on the height of the vault,
the location of openings. and the maximum loads to
be carnec dy the transformers. For self-cooled trans-
formers, the required eftective areas should be at least
one square foot each of iniet and outlet per 100 KVA
of rated transformer capacity, after deduction of the
area occupied by screen, gratings, or louvers.

Ventilated open wound dry type transtormers should
be installed in locations free from unusual dust or
chemical fumes. Transformers should be located at
least 12 inches away from walls and other obstructions
that might prevent free circulation of air through and
around each unit, uniess the unit i1s designed for wali
mounting and installed per factory recommendations.
The distance between adjacent transformers should be
not less than this value. Also, accessibility for
maintenance should be taken into account before
locating the transtormer. If the transtormer 1s to be
locatec near combustible maternials, the minimum
separations established by the National Electrical
Code shoulc be maintained.

The transformer case < designed to prevent the
entrance of most sme  :nimals ang foreign objects.
However =~ some locations, It may be necessary to
give cons .eration tc aaditona!l protection.

Sound Level

Special consideration shoulc be given to the installa-
tion o* any transformer f nose 1s a factor in 1ts foca-
ton anc operation Many {ocations can resutt in an
amphfication of the sounc level. For example, if the
transformer 1s instaliec \n a quiet hallway, a definite
hum will be noticed I the unit 1s instalied in a location
1t shares with other equipment such as motors, pumps
or compressors. the transformer hum will probably go
unnoticed

a
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Installation
Sound Leve! (Continued)

Tne transformer 1s cesignec to produce a mmimum
sounc level wnen the following directions are foliowec

A Connections 10 prmary and secondary lerminais
mage with tiexible connectors

B Al transit bo!ts anc shipping braces removed sO unit
wili float on rubber 1solation pacs. these polts and
carts are painted rec for easy gentification

C Al enclosure hargware tightenec s¢ panels co not
viprate

inspection

Once the transformer has peen locatec at s
permanent site. a thorough final inspection shoulc be
mage pefore any necessary assembly is accomphisned
anc the unit 1s energized

Carefu! examination should be made to ensure that ali
external electrical connections have been made
properly ang that the correct ratio exists between low
voilage anc high voltage windings 1o test this, apply
a tow voitage (240V or 480V) to 'he high voltage
wincing anc measure the output at the low voitage
wmcmg

Ail contrel circuits. 1if any. shoulc be checked tor
operationa! abiiity Furthermore, (hey shouic be able
tc withs:anc a 1200 volit applied insulation test tor one
minute (1t the transtormer has current transformer
circuits. they should be shcrted).

Tne operation of tans. motors. thermal relays. and
other auxiiary gevices should be checked Fan
rotation should be visually veritied as well as by
checking any inaicator hghts (Reterence Fan Control
Operation )

As prescribec by NEMA s:anoards. trans-
lormers are shipped with both high and low
voliage windings connected for their highest
ratec voltage ‘excep’ transiormers which
nave 'aps above the rated vollagce in which
cacse they wil! be shippec connectec for
r@'es voiiagesi Thne mernal connecticns
ShCu!C be ChECKeC with the C13¢7am on the
~ameolate IC make Sure trhal the conr-
necrons are correc! The lap setng shoulc
a'sc oe verihec for tne proper vcliege. anc
tmartre settnc s the same fer ali Sos

A wing.ngs shou'c be checxed for continutly 1tis
rezommengec tha' a megaer test be periormeg ¢
mawe certain that no wingings are groundec wnich are
not inte~ged 1o be grouncec

See "Testing” for aadiional tests Shipping braces
snouic be removed If present Al cabte connectionrs

shoulc be checkec {c- proper use of hargware (1 e
Bellevilie washers or aiuminum terminals, proper
ciearances anc proper torque)

Check again to insure that all low voltage and high
voltage connections correspond 10 the connection
giagram

Grounding

The case and core and coil assembly of these trans-
formers should be permanently and adequately
grounded.

Grounding i1s necessary to remove static charges that
accumulate. It 1s also needed as a protection shouid tne
transformer windings accidently comencontactwith the
core or enclosure Be sure that the flexibie grounding
jumper between the core ang cotl assembly and case 1s
intact. or that the core and coil assembly 1s directly
groundec from the core clamp through a tiexible lead.
insure that grounding or bonding meets N.E.C and locat
coaes.

To insure a solid core ground, transformers have a
copper strap embeaded in the core lamtnations and
securely connected to the core ciamp.

Connections

Make only those connections specifiec by the name-
plate or connection diagram. check all tap jumpers for
proper location anc tightness, and re-tighter all
aluminum cable retaining screws atfter the first 30 days
o! service

This transformer has been designed and built to
provide proper electrical connections using either
copper or aluminum connecting catble A protective
plating or compoung which prevents surtace oxida-
tion of the terminals was applied at the factory This
coating shoulC no! be removec from tap or line term-
inais |14 1n the case o' protective compouncs
bezomes necessary to re-apply 11, ciean all contac
surtaces of oxice anc re-coat with a gooc guality com-
poung. following the manutacturer's instructions
Manv kinds are commercially available Some ¢f them
are Renetrox A Alnox-UG. anc Thomas & Betts 1059
‘nen re-coating wipe off any excessive compouncd

Depending upon KVA rating. this transtormer may
have flexible leads with bolted type wire terminals,
Cu Al lug connecters 0 simply termination pacs for
mounting of your own crimp type or iug lype terms-
nations The tables below show typical torque vatues
for installing bolted wire connectors and cabies 1n lug
type connectors Check specific recommencations cf
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Grounding
Connections (Continued)

conneclor or lug manufacturer.

Bolted Wire Connectors | Lug Type Connectors
Torque Wire Size Torque
Bolt Size | inch Pounds | (Average) inch Pounds
- 20 70 214 10 #8 70
5 16-18 120 =€ 1c 84 100
- 16 22 83 10 *1 120
- 13 480 101020 150
3 010 200 MCM 210
250 10 400 MCM 260
500 to 750 MCM 300

Note: Tighten. wait several seconds, then re-tighten all
connecting lugs and bolts.

Where cable terminations are supplied by the user, it
1S recommended that commercially availabie. properly
sizec. UL hsted screw type or crimp type connectors
be used These terminations should be attached to the
cabies as specified by the termitnation or cable manu-
facturer. Terminations are readily avaiable from
wholesale electrical distributors.

Secure each terminal lug to 1Its proper termination bus
bar. Torque all boits as shown in the bolted wire
conneclor chart above Do not install washers between
the terminal lugs and the termination bus bar as this
will cause heating and arcing in that area, resulting in
connector tastlure.

Testing

Tests may be made before placing a transformer in
service 1C determine that it 1s in satistactory operating
condition anc to obtain gata for future comparisons

A Insulation resistance

B Dielectric tests in the fielc in accordance with ANSI
CsT 12.g1.

The insulation resistance test aids 1n determining the
suitabihty of the transformer for appiicatior:. of the
high-potential test anc yields useful data tor future
comparative purposes. lnsulation resistance tests
shouil be made betore applying the high-potential

test Variabie factors atfecting the construction and
use of Ory-type transformers make 1t difficult to set
mits tor this test Experience indicates that 2
megohms (one minute reading at approximately 25°C)
per 1,000 vo!ts of nameplate voitage rating. but 1n no
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case less than 2 megohms total may be a satistactory
value of insulation resistan-e for the apphication of the
high-potentiat test

In addition to the insulation resistance and high-
potential grelectric tests, the following tests may be
made i gesired: .

A Rato tests for the full windings and all tap positions
B Resistance measurements of windings
C Polarity or phase relation

It 1s preterable that these tests. if planned. be maae
before applying the dielectric tests

Operation

Placing in Service

At-er tollowing the preceding nsiructions. the trans-
tformer may be energizec It s recommended that the
unit first be energizecd at no 1oad if possibie, then full
load may be applied.

P--sllel Operation

Wnen operating transformers 1n parallel, their rated
voltages. impedances. and turn ratios ideally should
be the same Their phasor relationships must b~ igen-
tical. If these parameters are different, circulating
current wili exist in the circuit 100p hetween these
units. The ditference 1n impeZance should 1n no case
exceed 10%. The greater the difterences in these
parameters the larger the magnitude of the circulating
current. When specifying a transformer to be operated
in paralle! with existing units. all of these parameters
should be notec.

Loading

The maximum continuous load a transtormer may
supply 1s indicated on the nameplate Nowever. many
specially designed units have specific load capabilities
designed into them. If there 1S any question
concerning the ioad capabiity of the unit, the factory
should be consulted. Refer to ANS! Stanocarg C57.96
Guide tor Loading Dry-Type Distribution and Power
Transtormers for general guidelines

Minimum electnical clearances in the installation of
lugs anc cables must be per N E C Al electnical
clearances that are questionable must be insulated

Overload protection for primary and secongdary circurts
1s covered by the National Electrical Code.
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Operation
Shipping Supports

After the transtormer has beer placed 1n i1s permanent
jocation the haig-gown bolts secunng the core and
co:i assembly 1o the base or case must be removed
Removing tnese bolts releases the scung 1soiahon
pazs tor maximum e‘fectiveness AISC remove any
shipping braces anc litung gevices on the core anc
coil or the enciosure For easv igentificatior ail of
tnese removabie parts wili be paintec a different color
from the remaining assembiy parts (usually red)

Should it ever be necessary to move the transformer.
replace the hola-gown Dolls tor the Mmoving cperation

Maintenance

warning: De-energize transformer betore any inspection
or maintenance!

Periodic Inspection

Like other eiectnical equipment all transformers
require maintenance trom time to ttme 1o assure
successtul operation Inspecton shouid be made at
regular intervals ang corrective measures taken when
necessary 1o assure the most satistactory services
trom this equipment

Cperating conditions getermine the frequency &
which these transformers shoutd be inspected For
ciear.gry locations. an annua' inspection mas be
sutficient However, tor other locations. such as may
be encountereC where the air !1s contamimnatec with
cust or chemical fumes. more frequent inspections
may be requirec Usually atter the first few inspection
periocs. a aetinite scheguie can be establishec

Witk the trans‘ormer ge-energizel. enclosure panels
SrouiC be removes Inspection snoulcd be mage for
arrt especiativ accumuiations o1 insulating surtaces
where such accumutations coulc restrict air flow
Inspection shoulc alsc be made tor 100se connections
for the condior of terminal boar=s. ang tor the
gereral corc t.on of the transtormer

Ozservatrors shoulc be mage ‘or signs 0! overneating
anc o' ve'itaze Creepacte over :nsulaling sut‘aces as
evizenced 0y trfacxing O° carton zalon

Evicence o' rusting corrosion & T setenoration of the
Da:"! SNouIC De 1oowec tor anc ! 2Clive measures
SN0J:S D€ lanen wnere m2cessary Furthermore fars
MmZIi0re aNC Ciner auxnaty Ceviles Shoulc De
imsperiec anz servicec Surng inspection periogs

Jackscrew Assembly Adjustments

Check for 10Cse 1alKS2rEw a85se™bnes by altempting to
move the Cov b ogn *rem si0e 1 sige It they move.
ugnter ‘e jacksirew assemply following tme cuthines
procezyre (Cautor shOouiC De olserved when

nandhing nuts. bolts. and washers 10 preven! c-copin
them inte the coils )

«)

A Tighten lower jacking nut while nolding jsckingc bett
untit coll biock can no longer be movec Dy hanc

B Tighten lower jacking nut an aaditional * turn
C Apply air gry varnish 1o nut ana bolt assembly
D Repea! as requirec on other jackscrew assemblies

Determining Dryness

The measurement of insulation resistance 1s of vaiue
in getermining the status of drying Measurements
shoulg be taken before starting the drying process and
at two-hour intervals durning drying The inmial value. i
taken at ordinary temperatures, may be high even
though the insutation may no: be dry Because
insulation resistance vanes inversely with temperature
the transformer temperature shouiG be kept
approximately constant during the drying period to
obtain comparative readings. As the transformer s
neated. the presence of moisture will be evigent by the
rap:q drop in resistance measurement. Foliowing this
penod. the insulation resistance will generally increase
gragually until near the end of the drying pernioc when
1t witl increase more rapidly Sometimes it will nse and
tali through a2 short range betore steadying. because
morsture 1n the interior of the insulation 1s working out
through the imitially-aried portions A curve. with tme
as abscissa and resistance as ordinate. shoulc be
plottec. anc the run should be continued unti!
resistance levels of! and remains relatively constant
between three and four hours.

Caution: insulation resistance measurements should
be taken from each winding to ground, with all
wingings groundec except the one being testec

Before taking insulation resistance measurements the
winging should be short-circuitec and grouncec fo- a!
least one minute toc drain off any static charge

All readings shoulc be for the same time ¢’ applicatio”
of the test voltage. preferably one minute

Methods of Drying
General

As long as the transformer remains energ:zec
numidity conaitions are of no importance However
& cry-type transforme- 1s ge-energized anc altowec 10
co0! to ambient temperature consigerabon mus' be
G:ven to the possidle etfects of humigity

¥ the shutdown penoc OCcurs cunng low huricity
COrdiICNS. NO special precautions shoulc be required
velore energizing the unit Bul expenence incicates
that ¥ a3 shutdown exceeding 24 hours OCcu’s cuning
a penoc 0! high humicity, particularty ¥ atmospheric
condiions are such that they cause congensaiion 1o
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Maintenance

Methods of Drying (Continuec)

appear within the hous'ng 0! tne transformer, then
orecaJslions mus’ De taken Small s*nip heaters may be
clacec in the pottom of the unit shertly after shut-
sowr 10 mainta:n the temperature 0! the transtormer 2
tew gegrees above that of the outside air 1I* such a
Arecaudtton 1s no! tasen the transtormer shoulc be
nspected tor evidence ot morsture. anad the insulation
resistance should be checkecd If moisture 1$ present or
4 the insylation resistance 1s low. the transformer
shoulc be dnieg out by one o' the methods aescribec

Drying of Core and Coil Assembly

Wnen :t1s necessary to ary ou! a transformer betore
nsialianon or atter an extengec shuicown unger
re;atively igh humicity ¢ongit ons one of the follcwing
~Metnods may be usec

A External heat
B internal heat
C Exierna! anc Interna! neat

Betore apclying ary of these meinods. ‘ree moisiure
snoulC be biowr o wipec off o! the winaings 1o
raguce the time of the Crying period

Drying by External Heat

Externz! heat may ©e aponec 10 the trams’ormer oy

one o' the foliowing methcz

A By directing heatec air ints the bollom arriniels of the
transformer case

€ By ptacing the core anc coil assembly in a suitably
ventiateg gven

18 important tha: mcest of the neated air passes
tMrouUgn the wingcirg Cucls anc not arounc the siges

Good ventilation 1s essential 1o prevent condensation
from taking place within tne transformer Or Nsice the
case A sufficient quantity of arr should be usel 1o
insyre approxematel, equal inlet anc outle:
temperatures

Wher using the tirs® external heating metnoC heat
may De ptlaines by the use ¢f resisiance grics o
snace neaters These mav De I1ccates inside the case
2+ may be piacec oulsiCe ang the rea: clowr into the
zottom ¢! the case Tne core 2anc cOtl assemply sroulc
oe carefylly protectec age' 27t raciation trom the
reaters

*1g recommengel that the air iemperature not exceec
10 C
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Drying by Internal Heat

Thnis method 1s relatively slow anc should be useg
only when the other two methods are unavattabie

The transiormer should be locatec to aliow free cir-
culation of air through the couts trom the pbotlom to the
top of the case One winding shoulc be short-cir-
cuited. and sufficient voltage at normal frequency
shoulC De appliec 1o the other winaing 1o circulate
approximately normal curren?

It 1s recommended that the winging temperature not
pe allowed to exceed 100 C. as measured by resis-
tance. or by thermometers placed iri the ducts pe-
tween the windings. The thermometers used shoulc be
the spirit type. mercury thermometers give erroreous
readings due 10 the generation of heat 1n the mercury
resulting from inducec eady currents The engd
terminats of the wincings (anc no! the taps) mus: He
used 1n orger 1o circulate current through the enure
winging Proper pracauntions should be taken to
protect the operator {iom dangerous voltage.

Drying by External and Interna!l Heat

This 1s a combination of the twe methods previcust
Jescribec and s by far tne gu:ckest methoa Tne
rranstormer core anz o1l assenibiy sShould be keptin 1is
own case whern suiiable. anc ex:ernai neat apohec -as
Jescriped :n the first metnod) as current s circulatel
tRrough the w.NaIncs 1as Jescritiu s in the secone
methoc! The current reguieC wii D€ consideranly
less than when no exiernal healing is uses bu' shcuC
ne sutticient to proguce the desirec temperature ot the
wingings 11 recommended tna: tne temperature
atiainec not exceed those stated 1n the toregoing
paragrapns

Removal from Service

1 a unit1s to be off more than 24 hours. Provisions
shouid De mage to preven: the core ang corls from
taning on moisture Reter 10 “Storage ”

1 *he unit 1s be moved. 1t will be necessary 1o replace
the core and coil holc-gown bolts anc any shipping
sraces tnat might protec! tne assembly gurnng
movemen: .

Cleaning

It excessive accumulations of oirt are founc on the
transtormer wingdings Or Nsuialors when the trans-
‘tormer 1s inspectec. the air: shoulc be removed 10
permit tree circulation of air anc ¢ guarg aga:nst tne
possibitity ot ‘nsulation breakgowns Particular atten-
tion shoulc b- civen 1o Cle-~ingc the 10D anc bottom
ends of the w dings assembdlies ang to cieaning out
the ventiating ducts

The windings may be cleaned with a vacuum cleaner.
a blower. or witn compressec air The use of a vacuum




Maintenance

Methods ot Drying (Continued)

Cleaner 1s preferrec as the tirs! step Ir cleaning
tollowec by the use of compressec air or mitrogen The
compressec air or mitregen snoulc be clean and dry
ang shoulc be apphec a' a reiatively fow pressure (not
over 25 pounds per square inch) Leac supports.
termina! boarcs. bushings anc other major insulation
surtaces snoulC be brushec or wipec witlh a dry cioth.
The use of frauic cleaners is giscouragec as some of
them have 2 solvent or geteriorating eftect on
insulating materiais

Renewal Parts

Shoulc a transtormer be gdamagec anc new parts
neecec. write to Nationa: tngustr giving full
nameplate information Be sure 1o inciuge the serial
numper and a gescription o the part gesired. !f the
proger name of the part 1s 1n doubt. a8 simple sketch or
photograph will expedite prompt! shipment 10 you.
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Trouble Shooting

Transtormer failure may occur tn either the electric.
magnetic or dielectric circuit.

Symptom Cause
Electric Circuit

Overheating

Continuous overioad — wrong external connections - poor ventilation -

nigh surrounding air temperature. (Rating is based on 30 Degree C average
temperature over 24-hour period with peaks not to exceed 40 Degree C.)

Reduced c- Zero Voltage ............
Excess Secondary Voltage
High Conductor Loss

Coil Distortion

insuiation Failure

Coils short circuited

Shorted turns - loose primary tap connections
inout voltage high - improper primary tap connections
Overload - tap connections not on identicai tap positions

Continuous overloads - dirt accumulations on coils - mechanical damage

in handling - lightring surge

Breakers or Fuses Opening
Excessive Cable Heating

High Voltage to Ground .............
(using rectifier or VTVM meter)

Magnetic Circu
Vibration and Noise

it

Short Circuit - overload.
Improper boited connection.
Usually a static charge condition.

Low frequency - high input voltage - core clamps loosened in shipment or

handling - improper primary tap connection.

Overheating

High Exciting Current
High Core Loss
insulation Failure

High input voltage.

Dielectric Circuit

Insuiation faiture.

Low frequency - high input voltage - shorted turns.
Low frequency - high input voltage.
Very high core temperature due to high ingut voltage or low frequency.

Lightning surge - switching or line disturbance - broken bushings, taps, or

arrestors - excess dirt or dust on couls.

Overheating

Breakers or Fuse Open

It any of the above symptoms are noticed, the trans-
tormer should be removed from service at once.
immediate attention to the problem may save a large
reparr bl In many instances, the trouble can be found
quickly and the unit returned to service.

If the trouble cannot be definitely corrected. no further
use shouid be made of the transtormer until the cause
has been found

It may be necessary to remove the core and coils for a
cioser examination. if no apparent fault can be found
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Clogged air ducts or inadequate ventilation.
Insulation failure.

the core and coil may have to be disassembied for a
complete inspection Removal of the coils from the
core 1s a factory or service shop operation. As this will
mean replacing many insulation parts when
reassembling. 1t 1s advised that the trouble be reported
to the nearest National Industr representative, before
any dismantling takes place. Factory advice may again
save a large repair bill. When writing. descride the
nature of the trouble, the extent and character of the
damage, and hist all nameplate information.




Transformers Forced Air

Cooling System

Ventilated Dry and
Cast Coil Transtormers

Application Data

The forcec air coonng system s ges.cnecd for use witn
venliated Cry-type ang cast cor transformers Forceg
a.r COONNG IS avaacie ¢~ transtormers 30C - 3750
KVA 10 suDpry an agarticnai 33-1 3¢ of overioac
capability tc ambient a.r rating Consul! tactory tor
overioac capanthties above 3750 KVA ang special
agphcatons na!t mentcnec above

Description

Natona: Incustri Transtormers Inc offers 3 options in
forcec air coot:ng eqguipment The 3 basic 0phons
incluge the foliowing equipment

Option A — Future Forced Air Cooling
1 Insulatec tube well in iow voltage winaging tor
tuture acaition of temperature sensing gevice
2 Properly s:zed bus for increaseg capacity of
transtormer
3 Acontrol box with a hingec plank ccor

Option B ~ Provision For Future Forced Air Cooling
4 All 1tems gescribec unger Optior A
S A nhingec goor with dia! type temperature
ingicator w:th 2 SPDT agjustable alarm
contactls anc e maximem temperatyre
tNQicating po:nter with reset

Option C — Complete Forced Air Cooling
€ Fan mounting brackets for maximum cooling
ethciency
All items cescribec ynder Optior B
€ ALIOmanC ZoNro panei equinpes wiln
ng.canng nghts anc ala-m bel:
Fa~ moiors anc blages
'C 120 VAC power source supphiec f specitiel at
time ¢! orce entry

0

Ordering Information

Tocercertorcecarcooinc ecunment seelt trem tne
cescr:oto~ 3oove Ortiem A B or T anc sC siate tma

seectiorm 0 orce”

Contro!l Power

Controi powe’ snoL'c oe
~ ~

i )

- C

SUCT 1€C Dy CusSio™mer trom
anva.aiadve JIVAZ seEDdy TreamcuniCf poner
reguirec tor operatior tne Far Co0iinz sysierm w.i!
vary with size g’ transformer being sucphec Genera’
reguirements ‘c- transformers yo 1o 3200 KV A
tampbient air rating: Y50C VA Consul! tactory tor
iarger transtormers IY 120 VAC control power e ne?
avaiable control power may be turnisrec b, aciory
trom the sezcncary 0! the main transforme- v
specifiec a: ime ©* orger eniry In cases where control

o)

cowe’ 1s 10 De surDied by the factory the customers
0rQer stoulc pe wr.iten e ¢ 1500 2000 AA FA Option
T Forces 4ir Cooling with controi power

S cou sensing 1s available as a separate pachkage -
onsult taztory

[}

Future Addition of Forced Air Equipment

Forcec air equipment may be adoec In the fieic to
trars‘ormers that were equippec by the tactory with
Fui.  Forcec Airor Prowision For Future Forced Air
Coo..ng (Option A anc B) Mos! units that requsre the
acc:tion of a8 fan coohing system can be reaaily
modihec in the field Some of the units which have
been ir service for longer periocs of time may require
a more extensive conversion process When orgering
eguipment tor completion of torcec air cooling. the
serial nymber of the unit on which tans are being
acceo must be suppliec with the orger

Nationa! Industri reserves the right tc alter any of the
egquipmen: gescribec i this information

Forced Air Cooling Equipment

171 N of (¢) Fan Blage
KVA Motors Diameter
30C 6 T
307-500C () 8"
503-750 € o
75'-1250 6 10"
1281-2000 12 a”
2001-3000 12 10
Apove 3000 (3 (3
Table 1
Notes:
117 Fan motors are 1850 RPN 120 Vo 07 Amp. 1783
- P each

i< Ta~ bpiages are ynceatec aiumingm
13y Consulttacion
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Cooling System

Ventilated Dry and
Cast Coil Transtformers

Thermostat

The contrel circust elements are actuated by thermo-
meter contacts in the Qualitrol model 104-075-01
temperature indicator assembly

The thermostat ts of the bourdon-tube type anc s
connected with cap:llary tubing to a bulb installec
directly 1n the air duct of the center transformer coii.
where it transmits the winding hot-spot temperature

Forced Air Cooling Equipment Contact Settings

Contac:s (1) (2) i3
220°C [ 185°C [ 15C<C
Max Max Max
Recom- Total Total Total

Contact | mengec | Dead | Temp | Temp |} Temp
Position | Circusts | Bano |Jerature | erature | erature

T Lett Fan 17 °C | 180°C | 145°C [ 110°C
Controt
T | Center Alarm 5°C 210°C [ 175°C | 140°C
~- | Rignt Auxihary | §°C l.;2OfC 185°C | 150 C
Table 2

1) Standard settings for conventional Open-Wound
Transformer Forced Air Cociing System Used
on 80°C. 100°C. 115°C, and 150°C Rise
Transtormers unless specified otherwise

.2) Standard settings for Cast-Coil Transtormer
Forced Air Cooling System Used on 80°C.
100°C. and 115°C Rise Transformers uniess
specihed otherwise.

{31 Optiona!l Setings for Cast-Coil and Open-Wound
Transformers Forced Air Cooling System Used
when 80°C i1s to be maintained at Forced Arr
Coohing Rating

Field Conversion from Option A — Provisions for
Forced Air Cooling to Option B — Future Forced Air
Cooling.

A tube-well In the center cotl of the transtormer will
normally be provided for most installations If no tube-
well exists in older units. consult tactory for detaiis

The temperature sensing bult of the temperature
indicator should be tully insertec into the tube-
well as shown on Fig 4

Proper air clearances must be maintained from any
transtormer hive part to capillary tubing and
temperature indicator. General guidelines for such
clearances are: up to S KV ~— 22", up to 15 KV — 6".

Replace hinged blank door over cutout in transformer
enciosure with temperature indicator panel with
indicator and terminai block attached. indicator
contacts are available on this terminal block for
connection to remote devices, see Fig. 1.

Field Conversion from Option B — Future Forced Air
Cooling to Option C — Complete Forced Air Cooling

Fan mounting brackets. it not alreagy installed. shoulgd
be mounted as per Fig 6 Use existing boits in bottom
flange of bottom transformer clamping channel if
avaitable and if 1n appropriate position. Otherwtse
weld brackets 1o the pcitom flange.

Remove hinged indicator panel from cutout In
transformer enclosure and replace with FAC contro.
panel. Connect contact wires to terminal block on rear
of control panel per terminal numbers as shown on
Fig 7.

Fan motors shouid be mounted on the meunting
brackets using lock washers on all screws Fan biades
and rubber sound‘vibration reducing washer shouid
be installer - locaung pins. and secuyred with lock
washer anc

Wire six fan  .0tors in paraliel and connect to termnal
points 1 and 2 on terminal block on rear of FAC
contro! panel. If 12 mctors are required, wire the
remaining six motors 1n parailel and connect to points
3 and 4. Connect 120 VAC to terminal points 11 and
12 on same terminal block
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Transformers Forced Air
Cooling System

Ventilated Dry and

Cast Coil Transformers '

I* CPT ‘s required. mcunt unt anc fuses in a suitatie FCr ciginai un.ie see separate instruct:on manual
lccation ang connect as per Fig 9

Proper air clearances mus: pe maintainec between all

trans‘ormer hive petls ang fan motors. hiages and at!

contre: wiring

Temperatue Indicator Contact Wiring

RED .
WHITE N eat . . HwhoaLQp ~t
T e The temperature indicalor s equipred with Z-SPDT contacts. each
ingepengently cJyjusiabie Over a broac lemperatu-e range
TBLack N
2 Contact Raung 10 Amp @ 125 250 VAC
BLUE . S Amp @ 125 VDC (Non-inductive}
N 25 Amp @ 25C VDC (Non-inductive)
2 ORANGE .
T . ‘ 3 Contac:s are wirec to control eiements in FAC pane' in Oction C. or to
—T GREEN .. customer termination potnts for connection (o remote devices in Optlon
B
BLK WT 3 :
< & Coniact settngs are normally factory prese: For possibie fieic agjus!-
.3 YELLOW . ments reter 1¢ Table 2
~—r— BROWN .-
Fig. 1
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Forced Air

Transformers Cooling System

Dry and Cast Coil Transformers

Temperature °C

Temperature indicator

1. Black temperature indicating pointer.
2. Red maximum temperature pointer.
3. Maximum temperature pointer reset button.

4. Removable bezel ring for access to contact settings.

5. Three adjustable contacts for connection to remote
controls and atarm,

6. Temperature sensing bulb.

7. Contact leads.

6" Dha Hole
3.16" Dia. Hote {4 Req'd )

Fig. 3

c-31

Field Instaliation of Temperature Indicator

1. When indicator is supphied for fie . 1nstallation in an
enclosure which does not have provision for mounting
of device, the cutout and drilling shown at left will be
required.

2. Cutout should be made in non-removable panel.
3. Mount indicator with flange inside of panel.
4. Cutout should be in 2 location that provides adequate

clearance to transformer live parts. Indicator extends
34" inside of panel.




Transformers Forced Air
Cooling System

Dry and Cast Coil Transformers

FAC Contro’ Panei
(Option C)

NV

A-mpr Coverec
Cap.tiary, Tube

To FAC
Control Panel

Coltar Zxtengs
Pr—
J Lioove Coil

Termperature
Sens:ng Bulp

Fan Motor Wiring

e e R

Fig. 4

Deta ' insy atec Ve

Note 1 tnital me tatar such that ageQuadle Clearance 1S hive patis s maintainea for ind.cator
@nC 230 o'y TuD "G

N Exercoge Zute nCUtC Chush sen, NG DU D AT NOL I maxe $NatC bends 11 capiitary tube Coti ewcess
LGN 0T capd aty Tube anc suDPO’l 10 prevenl 0a™mage ¢ lube
3 Boute '3 mer)r wer NG 1o M3Ntan ageyuélr C.edrance 10 1ransiormer five parts
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Forced Air

Transformers €
Cooling System

Dry and Cast Coil Transformers

S
SRR
©.
POWER FANS  ALARM
ON

©

OFF

MANUAL SILENCE
@

O FUSE AUTO TEST
FANS ALARM

Fig. 5

{1t 23 4567 8910n 12

ER S|
1 2 TRIP /_L_
ALARM =

POWER IN
AC/SGLQ
——e120 Vi

o DAL IR TL AL
el I RNIZI N NIEINMEMEZEI R E)
oLl i)zl SIS Z S E]M ) o)
172'3°'4°'5"'6°7°8°9710™11 "12

— 29 WD. LUG-MAX.("8 SCREW)




Transformers Forced Air
Cooling System

Dry and Cast Coil Transformers

|

Air Duc's _——_<

Transformer
Coil

Nut

/
Lockwasner \/ / —
Fan Blage \ Q /

Ruboer Ressirien:
Mounting Was~er T

Fiat Washer

Locating Pin

Far Motor irstanec
UsSing LOCkwasners

anc Screws /

Rubber Backed

Far Mounti~z Sracke! —

IWelcec or Bciteg, f

N

uuw

Transtormer
Core

L

Transtormer Mouniing Fool / /
Transtormer Ciamping Channel

Fig. 6
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Transformers

Forced Air

Cooling System

Dry and Cast Coil Transformers

SILENCE

\

AL ARM
/O

THERMO.
Sw. 2

--.linto FAC box)

o JRE:)X L HEAT SENSING BULB
w (to center coil of transformer)
AUTO
R1
”jMAN
THERMO SW1 FANS
R1-2 R1-1 @
l B >, e ON OFF
f r [ THERMO POWER @
Sw.a3 SW3
: F—j 3C A
=~ - NC c NO. FUSE
| =
L g
) (8) (19
S
FAN FAN -A;ARMJ TRIP GRND POWER
1 2
Fig. 7

C-35




Transformers

Dry and Cast Coil Transformers

FAC Instructions

-
.

ro

4A

4B

Suppty of 120 volts - 6C +Hz or 100 volts - S0 Hz 1o
po:nts 11 ang 12 of control panel

Panel1s ge-enerqizec with main switch in "OFF”
position

witn circuit breakers it “ON” position the green

POWER puot ightingicates that panel s
energ:ize¢ Transtormer may be operatec atits
torcec arr rating only 1f tris hght 1s on

Move "FANS switch tc  AUTO posihion Thisis
the normal position tor operating fan controller
When the temperature of T1 contact 1s reachegd.
contact T1 cioses the amber "FANS hghts
energizec. fan motors operate The fan motors
and the "FANS" ight will continue to operate
untii the temperature talls 15-20° C below T1
contact setting

Move "FANS  switch to "MANUAL" position
Trus tuncitor by-passes the astomauc controls
anc operates fan continuously This position
sncoulic be usec only for emergency ope-ation or
tesung of tan motors

I* temperature continues to rise above T1 contact
setting anc T2 contact seiting 1s reached. contact
T2 closes. energ:zing the re¢ "ALARM lLight. the

Forced Air
Cooling System

7A

C-36

local annunciator, and the remote "ALARM"
contacts on the rear terminat board The local
annunciator and the remote "ALARM" contacts
may be de-energized by momentarly moving the
“ALARM switch to "SILENCE" position. while
overload condition 1s being adjusted. The red
“ALARM™ hight will remain highted until
temperature falls 5-10°C below T2 contact
saetting. The "TALARM " circuit alsc resets itself a:
this point

Move "ALARM” switch to "TEST" position to test
operation of the "ALARM™ light_ iocal
annunciator. and remote "TALARM" relay
operation. Tne red "ALARM" light, local
annunciator. and remote "ALARM" retay will all
remain actuated as long as the "ALARM"” switch
1s held in the "TEST" position.

Auxihary circuit for remote "ALARM”
connections are proviged at points 5 and 6.
Device should be rated maximum 120 vac, 3
amps. Power i1s provicged from fan control panel

Auxihary circuit for remote “TRIP” connections
are proviaed at points 7. 8 and 8 Device should
not exceecd 3 amps 125’250 vac and should
include its own source of supply power.




Transformers Forced Air

Cooling System

Dry and Cast Coil Transformers

Notes

1

P mary

Secondary

3.)12

Fig. 8

Points A and B connected tc 240 or 480 voll supp'y
Fuses — see table below

Connect primarv of CPT for correct input voltiage See CPT nameplaie
tor proper conrection

Connect secondary of CPT as shown by gotted lines

Qutout of CPT connected 10 terrrunal points 11 and 12 of FAC pane!
See Fig 7

Main Input Voltage Fuse Size

Transto: mer to CPT Required

Up to 240V 250V - 9A

3000 KvVA 480 v 600V - 5A

Above

3000 KVA 480V 600V %A
Table 3
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Cimco Blectronics, inc.
P.O.BOX 248 = 104 MAN ST.

Wost Mddesex, PA 16159
Controber for Dry-Type 12520-0559
Comre 412
Cimco's Series 50 XL inetru FAIL SAFE FEATURES

.gt

for 'opa'lﬁon owe
energzed from the same crcuit which drives
the indcatar on the The

imbedded into the 1.2 KV dry-type cois to
sense the hotepat temperatire dreclly
without concarn for thermal gradients within
the cois.

C-39

o With loss of power , Alrm tumns on

* With loss of any thermocouple, Alerm and
Fen relays tum on while the trip crauit does
not turn on under either of the above
condiions.

* |t fan control switch is in off position or if fan
wil turn on fans.

INSTALLATION

CONSTRUCTION

Al of the necessary circuity and relays are
enclosed. An stiractive face plate covers the
smal cabinet and is used to mount the
nstument in the dry-type Tansiarmer sheet
metal encloare. Al ing terminal
points we located on the back of the
instument and wre clearly iabeled to help

AUGUST 1989




m Series 58)A Cimco Blectronica, Inc.
cl P.O.BOX 248 « 104 MAN ST.

Winding tempersture indicator & Weet Mddseax PA 18158
'?M for Dry-Type {412) 5209559

OPERATIONAL CONTROLS

« FAN CONTROL SWITCH

The tan contrdl switch can be in the automatic, manual, or oft position. In automatic,
fans Wum on and off &t the previoualy set fans on-and-off temperatre. in the manual
positon, tans wil be tumed on at all times. In the off position, fan power is not
sveilable 10 the fane.

* ALARM
memliuuhbddt-bcmdmhmm
netument. The remote alarm continues unti the slarm condition cleers.
compiete alarm crcutt is tested by using the self test feature.

of the
The

« SELF TEST

The self test featire provides the cperstar with the ability to test all set points
without the need for addtional inetrumentation. The push and hald contral energizes
he test crcuit The make and break set points are checked by changing the tum 1o
check control and compering the on-oft action of the fans on, slerm, and Trip ights
with the indication on the read-out. The fane, local and remote alarms, and Tip ights
are tumed on by the self test feature. The Tip relay is not energized during self test.

The seif test feature can also be used to change the set ponts. Contact the
raneformer manutacturer betore attempting to change set-points. The
se-Doints are established to protect the insuistion system as wel as the alecyical
oparatng system.

The self test featire can siso be used to test the entre electricel contrdl scheme
and fana. The ¥ip creuit wil not energze when using the self test featire.

« MAXIMUM TEMPERATURE MEMORY

The maximum tempersture memory is deplayed on the meter by pressing the
push to read contral. The maximum memdry is erased by pressing the push to reset
conta. The maximum temperatre memcry is retained in the elecronics for 30
days or mare if the power to the instument is lost. A bettery is hot used to retan
memcry.

+ THREE THERMOCOUPLE SELECTOR

The three thermocouple selector featre operstes automatically to select the
hottest phase to be used in the contral logc. To reed the temperatre of the other
pheses, prees the carresponding control button, Ttrnwmndcmmum
is the hotiest and is being used in the contral logic.

+ FUSE
The frent mounted fuse or tresker is to protect the fans. The inatrument is not fused
N arder 10 provide Maximum protection for the ransiarme.




CIMED seres ssx.

Windng Temperatwe Indicstor
& Contwoller for Dry-Type

Cimeco Blectronics, Inc.
P.O.BOX 248 = 104 MAN ST.
Weet Mddesex, PA 18159

I (412) 520-9559
FEATURES
» OPERATING INSTRUCTIONS
« SELF-TEST * SINGLE FUNCTION CONTROLS - - ALL OF
« ALL ON-OFF SET-POINTS CAN BE THE FRONT PANEL CONTROLS PERFORM
CHECKED BY USING FRONT PANEL ONE FUNCTION ONLY.
CONTROLS. * INSTRUCTIONS FOR EACH CONTROL ARE
o ALL Or SET-POINTS CAN BE CHANGED PRINTED ON THE FRONT PANEL NEXT TO
USING THE FRONT PANEL CONTROLS THE CONTROL
AND THE SCREW DRIYER « EXPERIENCED CONTROL ROOM

ADJUSTMENTS. (DEAD BAND IS FIXED)
* MAXIMUM MEMORY IS NOT AFFECTED
BY SELF-TEST
+ EXTERNAL TRIP CIRCUIT IS NOT
AFFECTED
» LOCAL ALARM CAN BE TESTED
« FANS AND REMOTE ALARM CAN BE
TESTED
» FAIS ON, ALARM, AND TRIP LIGHTS
CAN BE TESTED
» FAIL-SAFE
+ FORANY OPEN THERMOCOUPLE
« METER WILL READ FULL SCALE
* MAXJMUM MEMORY READS FULL
SCALE
« FAN, ALARM, AND TRIP LIGHTS TURN
ON
« ALARM RELAYS OPERATE
« LOCAL SONIC ALARM OPERATES
* TRIP RELAY DOES NOT OPERATE
* FORLOSS OF POWER TO INSTRUMENT
 ALL LIGHTS TURN OFF
« ALARM RELAYS TURN ON
+ MAXIMUM TEMPERATURE IS STORED
* RETAINED AT LEA™ " FOR 30DAYS
« NO LOSS OF ACCL-ACY
« NOBATTERYPOWER
* INSTALLATION INSTRUCTIONS
« COMPLETE INSTRUCTIONS ON BACK
PLATE
TERMINALS CLEARLY MARKED
FUNCTIONAL DESCRIPTION INCLUDED
THERMOCOUPLE CONNECTING
INSTRUCTIONS
120 / 240 VAC INPUT SELECTION C-¢1
* 30 AMPS OF FAN POWER
« TWO SETS OF FAN POWER TERMINALS

OPERATORS USUALLY DO NOT REQUIRE
ANY TRAINING TO OPERATE THIS
INSTRUMENT.

OPERATING INSTRUCTIONS FOR
MAXIMUM TEMPERATURE MEMORY

* AT START-UP

» PRESS *PUSH TO READ"

+ PRESS "PUSH TO RESET" IF RESET IS
DESIRED

+ NORMALOPERATION

» PRESS "PUSH TO READ" TO DETERMINE
MAXIMUM
TEMPERATURE SINCE LAST RESET

» PRESS “PUSH TO RESET" TO CLEAR THE
MAXIMUM TEMPERAT: JRE VALUE IN
MZMORY

OPERATING INSTRUCTIONS
FOR SELF-TEST FEATURE

« SET FAN MODE CONTROL TO AUTOMATIC
» RC .ATE SELF-TEST CONTROL

COUNTER-CLOCK WISE

« PRESS "PUSH AND HOLD" SWITCH
» SLOWLY ROTATE SELF-TEST CONTROL

CLOCK WISE

+ RECORD THE TEMPERATURE INDICATICN

ON THE METER AS EACH OF THE CONT+O
UGHTS TURNS ON.

+ SLOWLY ROTATE THE SELF-TEST

CONTROL COUNTER CLOCKWISE. (OK TC
SILENCE ALARM DURING CHECX )

« RECORD THE TEMPERATURE INDICATION

ON THE METER AS EACH OF THE CONTRC
LIGHTS TURNS OFF
AUGUST 1989




qm Sertes 58XL Cimco Blectronics, Inc.
Windng Teomperatre indicator Pﬁaaax 240 = 104 MAN 9T,
ddesex, PA 16159
& Controller for Dry-Type (412 526.455
Trenelormers
GENERAL SPECIFICATIONS
FEATURE STANDARD OPTIONAL
SCALE RANGE 0-250C
SCALE TYPE DIGITAL
ACCURACY + 1% OF FULL SCALE
CURRENT LOOP 420 MILLI AMP
SET POINT RANGE  FULL SCALE
DEAD BAND
FANS 25C >10°C<50C
ALARM AND TRIP 5C >5C<20C

FAN CONTROL AUTO-OFF-MANUAL AUTO-MANUAL
FAN RELAY RATINGS
FANS 1 (SPST) 1 HP AT 120 VAC
1-1/2 HP AT 240 VAC
FANS 2 (SPST) 1 HP AT 120 VAC
1-1/2 HP AT 240 YAC
ALARM AND TRIP 10 AMPS AT 120 VAC
RELAY RATING 8 AMPS AT 240 VAC
ATPF=10
1.5 AMPS AT 125 VDC
0.7 AMPS AT 240 VDC

THERMOCOUPLE TYPE“E®
3 REQUIRED

SUPPLY POWER 120 OR 240 VAC

MAXIMUM LOAD 30 AMPS

PROTECTION 20 AMP FUSE SINGLE POLE BREAKER
ON FAN CIRCUIT

SONIC ALARM FRONT PANEL MOUNT
90d - INTERMITTENT SIREN

PANEL CUT-OUT 6.75° WIDE BY 13.875"  CONTACT CIMCO
HFPOT TEST® 1500 YAC, 60HZ, 60 SEC.

‘TEST NOTES

» DURING HHPOT TEST; DO NOT INCLUDE THE THERMOCOUPLE
TERMINALS IN THE TEST.

» DURING IMPULSE TEST; DO NOT CONNECT THERMOCOUPLE
TERMINALS TO GROUND. C-42




- o -
' 7.93" '
[ 1% P
NOTES
[ |7 £8 NATIONAL INDUSTRI | |  JoTEs
BRUSHED ALUMINUM.
AUTO 2. LETTERING IS SLIGHTL
FANS 2 SMALLER !N SCALE TH
of () POWE THAN SHOWN,
MAN 3. BOX IS 4" DEEP.
4 BOXIS6-1/2"X11-
PUSH TO -~
SILENCE O (%) FANS S. TYPE “E~ THERMOCOU!
ALARM G N IS STANDARD.
. 6. FUSE DOES NOT
L . INTERRUPT POWER Ti
- PUSH WINDING RA
~ AND HOLD O FOING TEMPERATLR "¢ ’ALARH INSTRUMENT.
SELF TEST 7. ALARM EMITS AN
TURN To INTERMITTENT HIGH
CHECK . R PITCHED SIREN TYPE
SET-POINTS %?ND RATED AT
< .
! * = TO READ TEMPERATURE O TO RESET O 9. DIGITAL METER IS LEC
n MEMORY
#‘TER WILL AUTOMATICALLY READ PHASE WITH HIGHEST T'EPPERAH#
PUSH SWITCHES TO READ OTHER PHASES
LEFT CENTER RIGHT
o©
~
- O
ALARM FUsE
CAUTION
DO NOT REMOVE THIS INSTRUMENT WHILE
TRANSFORMER OR INSTRUMENT 1S ENERGIZED
- _!_._?_ - 0]
iz' , SERIES 50 XL
? 6 HOLES-0.313" SQ. NATIONAL IRDUST!
CiMCO ELECTRONICS, IN
WEST MIDDLESEX, PA 16°
(412) S28-9559
SUB | SCALE = 172 | DEC.3.1
J-10-R9
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SELECTOR —_
,./' ALARM CONTRO
1| T T
! [ =]
25 5 @9 GROUND
CONTROL LOGIC
0-250°C ‘_g—,") ™IP
METER |
mmooun%
SELECTOR
ATYPEE "‘"‘"
“ﬂ:gh @) ALARM
PHASE A D
<> B
D —® ik SELE NALS
= IFE moma
<>c ~§ ERMINALS 11 AND 12
PHASE C p -
THERMOCOUPLE
- LEAD IS RED i

SELECTOR — ENTER
—{ RIGHT

Y)Y @)Y (®
POWER FANS ALARM TRIp POWER
ON ON

POWER POWER IN

ouT ouT 120 OR
T0 240 VAC SERIES S0 XL

STATUS LIGHTS TO0
FANS1 FANS2 CONTROL DIAGRAM
NATIONAL INDUSTIR

NOTE: ALL LIGHTS ARE LED'S

CIMCO ELECTRONICS, INC.

SUB 2 WEST MIDDLESEX. PA 1615¢
JAN 9. 1989 (412) 528-9339
nac?uz? tos7 | SCALED 172 | MAR. 12.198

C-44




AL ED D
rFfApm»

ASEA BROWN BOLVER!

Eftective May 1991
Superseges | E 46-060-1
Section D catec June 1985

Instruction Booklet

ABB Power T&D Company Inc.
unaergrounc Distribution Transtormers |.B. 46-060-1. Section D

Jetterson City MO 65101

Instructions for Oil-Immersed

Distribution Transformers
Section D: Padmounted, 75-2500 KVA, Three-Phase
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1.0 INTRODUCTION

The tnree prase pagmounted gistndulior transtformer s
cesignec tT DoV 0e erellrica Sery.Ce 0N undergrounc a.stne-
nLhon Svstems Tne transtdormer ¢ gesignes tor oulaoor
mounting on 2 pad Prman, anc seconcany cadbles enter the
transtormer compantmen: trom Deiow INTQuGh 0penings n
tne pac Al exposel nve patis 3re compieten, enclosec n
tamper-resistant cabinets with provisions tor padiocaing

Tne transtormers gescribed herein are designed tor the
cong:i:ons normaby ercountered ¢n electnic ylinly power
st 2uhor systems AS such they are suitable for use under
tne usuas service conailions’ agescrizec i ANSI CET 1200
iGenera. Reguirements tor Liquig-immersed Distribution
Power anc Regulating Transtormers: All other conditions
are consigerec unusua: service anc shoulc be avorged

2.0 SAFETY

el prt=daeu

o
WARNING: READ,_THIS INSTRUGTION BOOK CARE-Z
FULLY. BEFORE;ATTEMPTING TO INSTALLY MAIN-Z
TAIN OPERATE OR SERVICE THE TRANSFORMER.Z
_FAILURE.TO_FOLLOW INSTRUCTIONS CAN CAUSE 3
. SEVERE INJUR oum. OR PROPERTY mmcs.;ag

Keegp this Instruction Book available 10 those responsible
tor the instalialion. maintenance operation. anaseniceof the
transtormer Satety as defined 1n thus Instruction Book
involves two conditions

1 Persona injury
2 Proauct! o7 properly camage

SEE IMPORTANT "DISCLAIMER OF WARRANTIES AND
LIMITATION OF LIABILITY ON PAGE 12

Satety nptations. intengec to aler: personne! of possible
perscnal imuny, geath Or property damage have been in-
serteg 1n the instructiona: text £nor te the step in which the
cordition s cited These satety notations are headed by one
otnree nazard intensity levels which are definec as foliows

e oyt PR ST I L

2. WARNING Nunrd or unule pracllcc which’can
Zcause severe penond Inlury. detth or subsuntl
P’OPG"Y damage.’. ::;__..

'.f*-.“w

3. CAUTION — MHazard or unsate practice which will or
can cause minor personal injury or minor property
damage.

The trangtinrmer SRyt De QDerated ang serviced ONhy Dy
competen’ personne 'amiar wilt gocd safety practices
These nstruct.ons arewnitten for such personneranc ate not
internged as asuostitute tor ggeguate traning and expenence
i~ the yse o' this eguipmen: Shoulc ciantfication or tuther
informatior hereQuireCc 0r shoulZ grodblems anise which are
no' covereg suthiciently tor the use’ s purpose reter the mar-
ter 1o the ABB Power T&D Company tnc Whencommunicat-
irg with ABE regaraing fne proc.u It covered by this Irsiruc-
tor Book a wavs inciude the toliowing tems ot information
trom tne transtormer s namegiate Serial numper, stvie

number K\VA rating high voltage and low voltage ratings

C-46

Addionally. a!' apphcable safety procedures such as
OSHA recuirements regiona’ and local satety requirements
sate working practices anc Qood judgement must be usec by
such personnei

3.0 RECEIVING

NGO
smo,cnmss "OR JACKS ON ANY, PART.OF.IH

- TRANSEORMER OTHER THAN THE UFTING HOOKSZ
‘OR JACKING PADS PROVIDED FOR THIS PURPOSE
E IMPROPER'LIFTING OR JACKING -CAN’ CAUSE§

: SEVER_ ’INJURY AND PROPERTY DAMAGE.

X

Thetranstormers are normally snipped completely assemp-
lec ang ready 1o install Each transtormer showuic be careful'y
inspectec uponreceipt anc tne transportation company noti-
fie ot any gamage that has been incurred The snipping hs!
snoule be cneckec tor possibie shortages

Three-phase transformers are normaliy shipceconacaliet
Palietized transtormersinthese ratings may be movecreas: iy
Dy & htttruck crane orcart Thehttinghooks suppliedor tne
siges of the transtormer enabie 1t to be hftea by crane

Be sure the cevice chosen has the capacitv to it or move,
the complete unit (Weight 1s shown on the namepiate )

Lift the transformer utihizing alf the hooks and use proper
spreagers to obtain a vertica! it

\ ' Litting

> e Hooks

N ~ Jacking
Pads

Fig. 1

Trig transiorme- has been turmished with a “perta-head’
10CKinG DOl tnat Must be I00senec 1o open the comparnment
Tris polt can be turned witn g siangarc pentaheac socwe!
iwrench). as usec wigely 1 the yulinty ingustty Sochets can
be astainec trom the Snap-On Company (tool #B82191; or
ezunalent
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4.0 EXTERNAL INSPECTION

mmus*raenme
EF ngfvouuas 1. APPUED

The o leve! shoulc be checked by removing the oil level
plug locatec a: the 25 °C leve! Any uni! which coes not have
the proper o1l leve! shoulc be checkead tor leaks anc refilied
through tne vent plug before placing in service Use only
cuality o per ASTM D3487 when adding oii tc the trans-
tormer Tnetransformer was filied or processed atthe factory
with non-PCB dietectric tiwd 1n accordance with Fegera!
Polvchlorinated Bi-phenyl (PC3) Regulations 40 CFR 761, et
seq The non-PCB tiu:2 contaned less than 1ppm at time of
processing or biling The owner should lake the hecessary
precautions so tha: PCB contamination s not introguced
auring tielc hiing or maintenance of the transtormer (r :terto
Fig 2)

Oil Fill
(Vent) Piug

Oil Level Plug W \

e
Oit Level ~ ;
— — — ——— — — — — p— W —— ——— . i
~ ~~ )
| —— ———
' N o’
|
—~~ -~ ' - !
L 2 DL WL
- N’ ~ ~ N
\
|
~ '
~

 Oil Drain Plug

High Voltage Low Voltage

Fig. 2

5.0 INTERNAL TANK INSPECTION

WARNING: 1 ALWAYS VENT THE TRANSFORMER ‘BY
FOLLOWING THE INSTRUCTIONS IN SECTION 7.3.°
: FAILURE TO DO SO CAN CAUSE SEVERE PERSONAL.
- INJURY; DEATH OR SUBSTANTIAL PROPERTY

DAMAG —M:-OM~'-¥!-—- - oty

CAUTION: WHEN A TRANSFORMER IS OPENED, USE
CARE TO PREVENT ENTRANCE OF MOISTURE OR
FOREIGN OBJECTS. MOISTURE. DIRT OR FOREIGN
OBJECTS CAN WEAKEN THE INSULATION OF A
TRANSFORMER AND GREATLY SHORTEN ITS LIFE.

The trarstormer covered by this instryction 1s shipped
vady torinstatiation and does not reguire internalinspection
cowever f the transtormer must be cpened. preveni the
entrance o' moisture 0' other foreign matenat

C-47
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6.0 LTORAGE

Tne transtormer shoulC re stored compretely assembieC
(tank seaiec anc cat'nelry cliosed: as though 11 were ener-
gizec anc atits permanentiozation Trarsformers shoulc not
be stackec on'Op of one angother. andcare mus! be exercised
1o prevent submersion it water The transtormer shou!d be
storec on a souG. leve! foungation

in the even! a transtormer is to be helcd in storage for a
periognexcess ofone (1) vear. iti1srecommengedtnespace
abovethe ol be pressurizec with ary air totwo (21 to three (3)
psig This will prevent moisture mngress due 1o negative
pressure

The transformer wll be ready for service at any time pro-

viged It has received the inspections outineg 1n Sections 4 0
ang Section 7.0thru 77

7.0 \NSTALLATION

installalion shouid comply with the latest ecition of the
National Eiectrical Code

7.1 Mounting

\ oum:mm

=" WARNING: FAILURE,TO,PROPER U
mr,name

s TRANSFORMER CAN CAUSE SEVEREI

The transformers stioulc be mounted on g fiat tevel rac
strong enough to support the weight of the transtormer The
unit should not be tilted 1n any direction greater than 1.5
oegrees as a greater bt will cause geviations in hiquic level
near fuses. pressure rehef gevices. or other accessorius spe-
cihically locateo at or near the 25 degree C hiquic ieve!

CAUTION: DEVIATIONS IN OIL LEVEL CAN IN-
CREASE THE POSSIBILITY OF A DISRUPTIVE
FAILURE.

Wnen supphec. hold cown cleats or brackets shoulC be
usec 10 bolt the transformer securely 10 the pad reterto Fig
3)

The transformer cabinet should sit flush on the pac allow-
tng NO gaps which would compromise the tamper-resistance
o! the transformer

7.2 Location

Sincethese transtormers 2oyntnn aflammadie insulatng tiuic
tminera: oil) transtforme ture can cause fir2 ancC or exgio-
sion This possibility shic .12 be cons.cered wnen 10Caling
these transformers in close proximity 1o buildings or pubhic
thoroughiares Retertothealestedition ofthe Nationa Elec-
trical Coge

7.3 Venting

vent the transformer by manually operating the pressure
reliet device normally providec or by removing theventplug
The transtormer shoutd be venteg before it 1s energizec f 1t
nas been pressurnized for leak test or tf the unit has peen
opened and reseated
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Bottom ot Cabinet Compartment

w — Cleats -

< < :
t/ 3. = ;
—.——— 4 —
S———__ 20° on 46-62 Width
24" on 66-70 Width
| Sifl
} |
| I
|
by
Typical Bolted Clieat Assembly
Fig. 3

e e mmm o e o

oy

r WARNING: THETRANSFORMERMUSTBEPHOPERLY«
r GROUNDED PRIOR TO ENERGIZING. FAILURE TOv
E_PROPERLY GROUND CAN CAUSE SEVERE !NJURY'
- e e

novzes YT v T

-—
e

-— s

rametormeec W oo ges

€ mmp b

USE C7 & SrCum e

WyE g 8teT v at g T "3 ne.Llra

T o N8

Te.e ar

Jrcuncel

~ et o

an ftarte anz o

e ne_tra e permanen:t

n,‘

o m e g v g o m—
ST 2, SrLLTTeI I tre Lomege e

Sirgn 0t the sysle~

(33N

Bl e the A gt e er

7.5 Connections

renamsla atnn

15 10 tret rawe 3
anz timat,
The 1ranstormer sh0UT DEe remMoves from Service oy
revers ng {m& above sezuence o connectisns Caretuny
chesx the transtormer ngmeniagte tor 1's rating anc the Con-
nestatstmalcar De ™mage 1ol AVoiC excessive siraim on tne

the relimmenzal seguence 0 CTNeC-

~ s As

27 NeZUCNS the™ the iow

TE CoTneluCne Ime Mighow0'tage conter-
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busning terminals or insulators This coulc loosen the contact
10iNts O camage tne insalators

7.6 Liquid Level

Never operate ¢r apply voltage 1o
ieve s pe'ow the 25 cegree C hguid lever plug more than *
irch Cneck the hquic level before the transformer s ener-
G:zec tc ensure the proper hquic ievel

transtormer if the higuic

NCTE Coi¢ temperatures can cause the liguig level 1o
Crog Inrough contraction. by more than ', inch When this
raopens tne hcuig shouid be heated 1o allow for exgansionto
the proper hquiG ieve. Or acaditiona! lguic 1$ 1¢ be acdec to
bring tne hquiC teve: up 1C within " inch of tne hgu.C level
oiug This hquiC will then have 1o be removec wher tne uni!
rasreachec norma: operating temperature Foliow the main-
tenance irformatior in Section 10 0 wner adding anc remov-
NG any hguc

7.7 Cabinet Security

WARNING“’ FAILUREZTO PROPERLY SECURE THEX
- CABINET MAY ALLO\V CCESS BY UNAUTHORIZED&
PERSONNEL" WHICH CAN CAUSE SEVERE INJURY 2

DEATH, OR PROPERTY mmae.%—w‘x'*

Sefo
surethat any
cabine: s comp.etely cl0sec. anc ai.
croperly instaileg

re leaving the site 0f an enera:zec transtorme’. maxe
protective orinsuigting barners are in place the
IOCRING Drovis.ONs are

Tne tollowing procedure should Se used 1o assure canines
selufity

A Ciose the high voltage (et goor anc secure :t 11 place

witr the cadtive bONIS suppied (penianeac or hexnhead:

Ciosethe 'ow vo'tage (1ight D0 ans segure it r place oy
tNg the hancie 1In 8 CloCewisSe grreltior unt. seatec
trandie shourc ther Den g verlica' onientaton)

@]

Tig-ter the sa‘ely bolt ipentaneac or hexheald :ocategn
‘NEoCKiING tube unt, tully seatec

Ck througr the Ccor handle anc ICckhing

Z

a
wn O
[}
aa
(o}

<ta
‘ube ang

Crecr DOth the high anc low voltage Coors for proder it
anc securtly

8.0 OPERATION

Tr51ranstormer was built anatesles 1~ 3CLoTzZance witt tne
iaiestversiom O' tne tollowing stangarcs o Americar Nationa

Sianzarss Insutute

Liquc-
Trars-

ANNS C37T 1200 — Genera' Requirements
Distribution,

tor
Fower anc keguiating

|mmerced

tarmers

ANSI C57 1290 — Test Coae tor Licuig-Immersec Distre-
Lulion Power and Regulating Transtormers anc Guige ‘o7
Sron-Circutt Testing of Distripution ang Power Trans-
formers
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9.0 ACCESSORIZS AND COMPONENTS
9.1 Bushings

CAUTION REMOVE ALL DIRT AND FOREIGN MATE-
RIALFROMALL BUSHINGS BEFORE PLACING TRANS-
FORMER IN SERVICE. READ AND FOLLOW THE MAN-
UFACTURER'S INSTRUCTIONS FOR INSTALLING
SEPARABLE-INSULATED HIGH VOLTAGE CONNEC-
TORS DO NOTENERGIZE THE TRANSFORMER WITH
THE SHIPPING CAPS ON THE BUSHINGS OR IN-
SERTS. DO NOT OPERATE THE TRANSFORMER
BEYOND THE MANUFACTURER'S RATING FAILURE
TODO SO CANCAUSE MINOR PERSONALINJURY OR
PROPERTY DAMAGE.

9.1.1 Separable insulated Connectors

o
AR
w
oY)

‘ar < nsurates comnellore ma. be unwversal bushing
T EZTa@ DUSTINZIS 07 DUSTING wel's will nserts ar-
S Tre. may De etnes 10actreak 07 NON-ICagtreak Al
neCIlre uet e CGfy &TC Cgat ¢f @ cortaminaltdn
@1 SN nusec lerminals sShouiC De proferiy ter-

~.matel s prewenly JSSiDie Contaminalion Folicw (e mana-
CNZNE 3NC warMIngs on the use &' these

€
<

Q
n
m

LoD TeT ™

The o, onat-tyre tor
T 200 DT Calk

WARNING: OPERATION OF A FUSE MAY INDICATE A
FAULTED TRANSFORMER. DO NOT REPLACE THE
FUSE UNLESS THE CAUSE OF THE FUSE OPERATION
1S POSITIVELY IDENTIFIED AND CORRECTED. IF THE
CAUSE OF THE FUSE OPERATION CANNOT BE POS!-
TIVELY IDENTIFIED AND CORRECTED, THE TRANS-
FORMER SHOULD BE REPLACED OR RE-ENERGIZED
FROM A REMOTE LOCATION. FAILURE TO DO SO
CAN CAUSE SEVERE INJURY, DEATH OR PROPERTY
DAMAGE.

1]
|
'.
[
|
|
!
.‘

ey o

WARNING: FUSES SHOULD BE OPERATED WITHIN
THEIR RATINGS AND REPLACED WIiTH FUSES HAV-
ING EQUIVALENT VOLTAGE AND TIME-CURRENT
CHARACTERISTICS. FA'LURE TODO SO CAN CAUSE
SEVERE INJURY, DEATH OR PROPERTY DAMAGE.

= —— —— —— s . -

e

8.2.1 Protective Link

WARNING: VENT THE TRANSFORMER BEFORE DIS-
TURBING THE TANK SEAL. FAILURE TO DO SO CAN
CAUSE SEVERE INJURY, DEATH OR PROPERTY
} DAMAGE.

PP - N -

Tre protective ink s @n Oaimmersel It L0 g1 exou-
S 27 'LSE geSIZNeZ 10 18D:ale tne 1rgnst o Ter from the ¢ s
DonOT svstem i tne evert Of rangtorTer faLt meige tng
ta~r or tmeloaz sige of the hink I' (1N alebiel N oiel Jolfall algoiNie 3
0.€7.032 0r seconzary tault currert protection 107 'te
ansiormer
WWner imsoectrg or renlaling DUOIRINVE BNRS A wa s vent
teangrtorm o petare c:s:ura:;t; the tane 523 nez

sachios T2 Care snoull De taner 1o Crevent tne entran
modstyre Or toreign mateniai

Farésrine-technicalinformation referic ABE TF 42-8358

9.2.2 Bayonet Oil Fuse

poo— e e e -

WARNING: VENT THE TRANSFORMER BEFORE
OPERATING THE BAYONET FUSEHOLDER. FAILURE
TO DO SO CAN CAUSE SEVERE INJURY, DEATH OR
PROPERTY DAMAGE.

—————

Tng ravcnele

a8t uT e exduy
cananiiity, aliowing
sarmar
Tooorerate ororerace e tuse fDoow tmE el IionE m
SorruttnerleInnca irt i Al o7 reter 1l AEE TP SL-282
6.2.3 Loadbreak Drawout Fuseholder
TeouroZel 0 JoTDines tre Manl mtarr (00 o n Laral
SEirE n TDQRE g rrest.ammting v g o TR Crend fke
o €40 O 0Tl & N
: s Treae Bl
- R T i fIIwo tmE amET LIt ITE
K oy fTance
Forttmer e In e g i mt IO S TAEE TR _al-fiT

9.2 4 Deadbreat Drawu:  ruseholider

T Mcmnstuenmmm
B ,‘onénsuovma OR INSTALLING msbeﬁoanm@
OUBEUSER

€-49
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Tc uperate the bavonet Loadbreak Fuseholders, it 1s nectec to the high-low barrier can be securely latched in
necessary to raise the Hingec Weathercover (Flip-topi place on the insige cf the cover

With both cabine: goors fully open (over 90 cegrees) Proceed with the operating 'nstructions tor the Bayonet
push upward on the tront eage 0! the cover assembly Tilt Loadbreak Fuseholoer (below!

the hinged cover backwarc until the supporting arm. con-

| BAYONET LOADBREAK FUSEHOLDER

OPERATING INSTRUCTIONS

/

©

‘THE BAYONET FUSE HOLDER!
AILURE-TO DO 'SO-CAN

. BCAUSEISEVERE_INJURY.

1 Earn'omﬁnopsn, : o

% VENT THE TRANSFORMER AS
| OUTLINED IN SECTION 7.3

| ATTACH HOT-LINE TOOL TO
i HANDLE EYE. STAND TO ONE
SIDE AND UNLOCK THE HANDLE

PUSH DOWN AND ROTATE THE
HANDLE 80° CLOCKWISE IN THE
HOUSING TO BREAK ANY ADHE-
SIONBETWEEN THE GASKET AND
THE HOUSING

®

TO REPLACE FUSE

INSTRUCTIONS FOR REPLACING
FUSE ELEMENT ARE PACKED
WITHEACHREPLACEMENT FUSE
FOLLOW THE FUSE MANUFACT-
URER'S INSTRUCTIONS

|
|
|
6 ;
l
|
|
|
|

DUST
CAP

JERK THE FUSEZ-OLDER OUT
APOROXIMATE Y€ TO OPEN THE
CIRCUIT WA™ £ FEVW SECONDS
! ECR OIL TC ORAIN BACK INTOD
| THE TANK T=EN COMPETELY !
W THORAW FUSERQL_DER ' T

®

TO REINSTALL FUSEHOLDER

ATTACHHOT-LINE TOOL TO HAN-
DLE EYE STAND TC ONE SIDE
AND PLACE THE FUSEHOLDER
END JUST INSIDE THE HOUSING

RAPIDLY PUSH THE FUSEMOLD-
ER IN UNTIL DUST CAP SEATS
AGAINST HOUSING

PUSH DOWN ANC ROTATE THE
LOCKING HANDLE HOOKING IT
OVER THE SHOULDER OF THE
HOUSING

vwhen the bavone! operauons are compieted release the gown (The upper high-voltage door boh

iatch on the Mingec Weathercover by Lilling the cover shightly THROWUGH the hole in the Hinged Weathercover.)

backwards Lower the cover, making sure it 1s all the way

Fig.4

C-50
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LOADMAKE

CLT TYPE LOADBREAK DRAWOUT FUSEHOLDER

Dust Cap Spring Contact

insulating Bayonet Contact Probe

OPERATING INSTRUCTIONS

LOADBREAK ATTACH HOT-LINE TOOL TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER

ASSEMBLY COMPLETELY FROM HOUSING

ATTACH HOT-LINE TOOL TO HOOK EYE. INSERT END OF FUSEHOLDER UNTIL
CONTACT SPRING HAS JUST ENTERED HOUS!®  RAPIDLY PUSH ASSEMBLY
STRAIGHT INTO HOUSING UNTIL DUST CAP SE~TS AGAINST HOUSING AND
GROUNDING CLIP

TO REPLACE FUSE DISASSEMBLE BY UNSCREWING FUSE FROM INSULATING BAYONET

AND CONTACT PROBE REPLACE BLOWN FUSE WITH NEW FUSE OF
EQUIVALENT RATING AND CHARACTERISTICS REASSEMBLEBY TIGHT-
LY SCREWING NEW FUSE ONTO INSULATING BAYONET AND CONTACT
PROBE

FIG. 5

Mook Eve —(() ﬂ%@# Fuse p =
i s

NX TYPE LOADBREAK DRAWOUT FUSEHOLDER

Dust Cap Locking

| -+ Set Screws T—i

|
insulating Bayonet Spring Contact Contact Probe

LOADMAKE

> R
- o WARNING. ASSEMBLE AND OPENATE FUSEHOLDER PERTHESE lNSTRUCﬂON&M
FAILURE TO DO SO CAN RESULT IN SEVERE INJURY, DEATH OR "PROPERTY. DAHAGE.

OPERATING INSTRUCTIONS

LOADBREAK ATTACH HC NE TOOL TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER
ASSEMBLY COMPL_ETELY FROM HOUSING

ATTACHHOT-LINE TOOL TO HOOK EYE INSERT END OF FUSE-OLDER UNTIL
CONTACT SPRING HAS JUST ENTERED HOUSING RAPIDLY PUSH ASSEMBLY
STRAIGHT INTO HOUSING UNTIL DUST CAP SEATS AGAINST HOUSING AND
GROUNDING CLIP

TOREP_LACE FUSE DISASSEMBLE BY UNSCTREWING FUSE FROM INSULATING BAYONET

AND CONTACT PROBE REPLACE BLOWN FUSE WITH NEW FUSE OF
EQUIVA_ENT RATING AND CHARACTERISTICS REASSEMBLEBY TIGHT-
LY SCREWING NEW FUSE ONTO INSULATING BAYONET AND CONTACT
PROBE

c-51
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CLY TYPE DEADBREAK DRAWOUT FUSEHOLDER
DE-ENERGIZED OPERATION ONLY

Dust Cap Spring Contact End Terminal

‘
: l i
Hook Eye ——*-Q-"C E:_i Fuse b |
e — fl \
] /

[

Fuse Terminals

insutatinc Bayonet

WARNING: ASSEMBLE AND INSTALL FUSE AND FUSEHOLDER PER THESE INSTRUC-

TIONS. FAILURE TO DO SO CAN RESULT IN SEVERE INJURY, DEATH OR PROPERTY
DAMAGE.

L——‘-.

. C e i e —t—— e i —— -

TO RENDVE FUSE ETT4CH HIT-UINE TCOL TS HOOK EYE AND W'THORAW FLSE
ROLCER STRAIGHT OUT FROM HOUSING

TO REF_ACE FUSE DISASSEMBLE BY UNSCREWING THE FUSE FRON THE INSULATING
‘ SAVYONET REPLACE THE BLOWN FUSE W:iTH A NEW FUSE OF EQUI-
i VALENT RATING AND CHARACTERISTICS REASSEMEL_E BY TIGNT-
: LY ZZTRIWING FUSE ONTO THE INSULATING BAYONET
TOINSTALL FUSE ATTACH HCT-LINE TOOL TC MOOK EYE AND PLACE FUSEHOLDER
INTO HOUSING PUSH FUSEHOLDER IN FIRMLY UNTi_ DUST CAP IS
SE&TEL AGAINST HOUSING AND GROUND CLIF

Fig. 7

NX TYPE DEADBREAK DRAWOQUT FUSEHOLDER
DE-ENERGIZED OPERATION ONLY

Dust Cap Locking Set Screws
A8 -
Hook Eye A-"' : ”. 5
y k‘_)f‘_‘ — ;. Fuse ﬁ
- ] ! Fuse Terminals
insulating Bavonet Spring Contact

e e o o -

T T TR,
DANGER:DE—ENERGIZE “THE.TRANSFORMER BEFORE REMOVING OR iNSTM.lJNG‘mE"

- DEADBREAK DRAWOLT FUSEHOLDER ASSEMBLY, FAILURETO QQSD.MU..RESUJJJN z
. SEVERE {NJURY, OEATH OR PROPERTY. DAMAGE. “3iass! SEemp imienots i o

~ oA >

WARNING: ASSEMBLE AND INSTALL FUSE AND FUSEHOLDER PER THESE INSTRUC-
TIONS. FAILURE TO DO SO CAN RESULT IN SEVERE INJURY. DEATH OR PROPERTY

DAMAGE.

TOEIONE RCE TTLZe STT-0NE TOOL TC HOOK EYE ANI W THDRAV, FUSES
=C.0ET STERAIGHT ST FRON ROUSING

ST REE_sCEFUST DU3ISSINE_LEs UNSTEEVING THE FUSE FRON THE INSU_ATING
BavinTT 2EP AZE THIBLOWNFUSE W THANEW ZUSE T EL LS
VALENT SETINT AND THARACTERISTICS RIASSEMEIE BN TIGHT
WY EZEZNING FUSE ONTO THE INSULATING BAVONET

TONETAL FLSE ATTAT e I TN TOD. TOHOOK EYE AN PLRZE RS -QUTER
INTZ 42USING PUS=FUSENOLZERINFIRNM Y UNTILC 87 CaF S
SEATED AGAINST mOUSING ANI GROUND CL =

Fig §

€-52
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| EFD LOADBREAK DRAWOUT FUSEHOLDER

Alignment _E; '

Ridges

Fusehoider
Assembly

mne .

— \

—) T

LN 3 -t
| ) .

1 ‘N i
-t Hook |

* ~ Eye
. _— |
|
1
4 Brass X
=, Screws '
i

T VY NS T LT T
| WARNING: ASSEMBLE AND OPERATE FUSEHOLDER PER THESE INSTRUCTIONS. FAILURE TO DO SO CAN nssuur m -

A R -ﬁ_o‘vvr— o-ng il ¢ '__._._“_-
 SEVERE INJURY, DEATH OR PROPERTY DAMAGE. - -2 < o3, . 5385, Eb“% Tfeiimis

\ OPERATING INSTRUCTIONS
TO HOOK EYE RAPIDLY WITHDRAW FUSEHOLDER ASSEMBLY COMPLETELY

LOADBREAK ATTACH HOT-LINE TOOL
FROM HOUSING

EYE 1S FLUSH WITH HOUSING

| 4 BRASS SCREWS

LOADMAKE ATTACH HOT-LINE TOOL TOHOOK EYE CAREFULLY POSITION ALIGNMENT RIDGES IN THE CORRESPONG-
ING GROOVES OF THE HOUSING RAPIDLY PUSH THE ASSEMBLY INTO THE HCUSING UNTIL BASE OF HOOK

TO REPLACE FUSE ONLY REPLACE FUSE WITH FUSEHOLDER WITHDRAWN FROM HOUSING. D'SASSEMSBLE BY REMOV-
ING THE < BRASS SCREWS AND SHROUD REIPLACE BLOWN FUSE WIiTH A4 NEW FUSE OF EQUAL i
RATING AND CHARACTERISTICS REASSEMBLE VITHPARTS ORIENTED AS SHOWN RETIGHTEN THE '

Fig. 9

Trhis cevice combines the high interrupting capabibties of a
general purpose current-hmiting fuse with a ary-weit fuse-
noiger The ceadoreak drawout 1s normally mechamically
interlockes with 3 1oadbreak switch Once the transtormer 1s
ge-enercized tv operation ofthe ioagbreak switcr the satety
batie ma, be shc 1o the side permiting access to the
tusenolaer

Tcreptacetne tuse foliow the instructions showninFigs 7
anc g

Fortutne- technica intormation. reter tc ABB TPL 44-837

9.2.5 Internat Partial Range Current-Limiting Fuse

Trne interma partial range cyrrent-imiting fuse 1s usec tn
sesesw” 210w cutrentinterrgpting gevice sucCh asaprotec-
tue i mx o7 bavone! Theparlia rangetuse s gesignecto clear
1ov. mpesance imigh-current. faylls witr the explulsion fuse
l€armC o amy man oampenzance tauls or overioals Wnhen
prooerss aroies 'he Darla range tyse will only operate tor
Udor operation ¢! a patiairarge
tesreto~mengectneunt beremovec from senice and
tve ASE Power TED Company Inc ‘o reparr

- Wl

(mrorrg Tranginrmpe s lte
LY
et

e

9.3 High Voltage Switches

rWARNING WHEN DE- ENERGIZING THE TRANS—
’ FORMER, DO NOT RELY ON SWITCH POSITION OR
' OTHER VISUAL INDICATORS. ALWAYS ASSUME -
THAT TERMINALS ARE ENERGIZS UNLESS
CHECKED AND GROUNDED. CONTA WITH AN -
UNGROUNDED TERMINAL CAN CAUSE £ _ECTRICAL<
SHOCK, BURN OR DEATH.

Er T N

A Y
OGO T A

c-83

9.3.1 EFD Switch

The EFD (Externany Fused Disconnect) 1s an air insulated
loadbreak switch available for radial teec {single poie; A
genera: purpose current imiting fuse or a soliC blage s pro-
vigec in the transformer connecting pole The switch con-
tacts are openec bv crawing ou! the connecting pole so that
they are completely iree G' the switch housing. leaving a
VIS Die gisconnec:

To operate or repiace the fuse follow the instructions
shown in Fig 9

9.3.2 LBOR Switch

The ABB LBOR s a2 ganc-operatec two positton rotary o
switch The swilch s cperatec by attaching a hot-hire t1oo! 1o
the externa' nook eve Nandie anc rotating 1o either the open”
or ‘cicsed pos:tier rretertoFig 10, Tircuit connections are
showr or the transformer namepiate

Forfurtnertechnica intormation referto ABS TPL 42-834

ol—>C

Fig. 10
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9.3.3 Tap Changer (Hookstick-operable)

The tap change- prov 3es a means 0* changing the voltage
rancc!atranstormer Thetranstormers are normally supphied
with ar externan, operatec iz~ \0itage tap changer located
neas the Mar .o'tags tushing To cnange taps proceec as

toilows treter to Fig 111

A De-energize the transtormer

E Back ou! the locking screw unt: 1t1s ciear of the locking
hoie

C Turn the hangie 12 the gesired tap position

C Tignten the locking screw 10 minimize the possidility of
umntenthiona movement

Some large-size units are furnisnec with a power-1rans-
tormer tap changer grive whicr recusres pulting o! a locking
pin anc a ful turn of the hancie tor each change in tap
posiion

Locking

" Screw

Fig. 11

9.3.4 Dual Voltage Switch (Hookstick-operable)

1
“WARNING:,DE-ENERGIZE THE mnsronusn BE3
* FORE:OPERATING THE DUAL-VOLTAGE SWITCHZF
FAILURE:TO SO DO_CAN CAUSE SEVEREINJURY.S
"DEATH OR PROPERTY DAMAGE = 5

WARNING: WHEN CHANGING VOLTAGE Posrron"'
FUSES MAY MAVE TO BE REPLACED WITH THOSE OF 2

f THE PROPER RATINGS. THE USE OF AN mmopsm.vi
E RATED FUSE CAN cause SEVERE’ munv’-nnm

On a gua! voltage switch Positon 11s the iow or multipie
connected posihion while posiion 2 1s the high or senes
connecteg positon To change the voltage position. proceec
as tollows (reter to Fiqure 12:

A De-eneraqize the transformer

B Back out the locking screw until it s clear of the locking
hote

Pull out on the handle until ;1 wili rotate

Rotate the handie 10 the new positon

m O O

Release the handle

n

Tighten the locking screw to minimize the possibihity of
unintentional movement

LOCKING SCREW

Fig. 12

9.3.5 Arc-Strangler Fused Switch

Arc-Strangier fused switch 1s mounted 1n the high voltage
compartment The fusec disconnect(s! wili have NX current-
limiting tuses Follow the McGraw Ecdison (Cooper
industries) instructions tor operating these devices

9.3.6 S & C Fused Switch

VARNING: USE THE S & C LOADBUSTER Toogro .
- onmrs.:munsconuecnmwnz:ro.no-so"

When an S & C fused switch s used follow the manutactur-
ers instructions for operating tnmis equipment
When operated withthe S & C 10adbuster t0o: this disconnec!
functions as a loadbreak switch

9.3.7 Surge Arresters

The function 0! a surge arrester is to intercept and divert 10
ground various overvoliage transients (such as hghtning
surges) which occur on the distnibulion system

The arresters must be disconnectec wheneve- high poten-
tial or iInduced potential tests are mage on transformers with
arresters

For turther technical information refer 1o ABB PL 44-321
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9.4 Low Voltage Oil-Immersed Circuit Breaker

TNE 10w A 0'1age OV Mmersec Circutt breake’ (s gesignec to
OD€™ 1NEe 10w v 21ade CirsL O Secongans faults or excessive
overioads The 0w va'tage preaner it N0t irtended 10 protect
Secongary « Ow Vv0Mage. ircunls anc connectec apparatus
(meters service enlrance equipmen! eic ) trom therma! ang
maznenc etects Que ¢ snort Circur! a3nc overioaas The
Dreamer 1t prmanty & prolective gevice designec {07 only
QCCAas%0na SwIlChingG Operalions as Sucr i11s Notintenged tor
frequen® (weenly 0° Gaiy SWILI™PC Culy T he handie 1s
iocatec r the tow voltage compartmen: anc sNOuIC be ope’-
ateZ witr 2 he'-hine too:

CAUTION: WITH THE SECONDARY CIRCUIT OPEN.
THERE MAY BE SUFFICIENT COUPLING TO THE
WINDING TO CAUSE SHOCK FROM THE SECONDARY
TERMINALS. GROUND THE OPEN SECONDARY TER-
MINALS BEFORE WORKING ON THE SECONDARY
SERVICE.

Priortotransformerinsialiation resetthe dreaker by open-
INC aNng ¢'osing 1t 3s 1oiiows (reter to Fig 13

* Toopenthe breaker manyalty rotate the handie so that the
po:nter moves rom the c10seZ 10 the oper positon

e Tc close the breaker rotate tne handie das! the open
position (1o rese’ the breaxer! then back through the open
position to the closec position

1" & tault ¢~ excessive overtoad exis!s the breaker will trip
ou! ever though the nandie 1s heic ir the closed position

Foliowing a breaker tripout due to a longterm overioac. the
transtormer o1l may no! have hac time 1o coo! sufticiently to
aliow the Dreaxker latth 1 De set making 1t impossible 1o
reciose the breawe’ immedg.atety

CAUTION: AN EMERGENCY CONTROL HANDLE IS
PROVIDED TO RECALIBRATE THE BREAKER TO A
HIGHER TRIP TEMPERATURE. THIS HANDLE
SHOULD BE USED ONLY WHEN ABSOLUTELY
NECESSARY AND FOR AS SHORT A DURATION AS
POSSIBLE BECAUSE ITS USE CAN CAUSE A SIGNIF-
ICANT REDUCTION IN TRANSFORMER LIFE.

Tnepreaxer Ca" berecair-atec to the emercsncy DOSILION
by remov:ng tne meter seg gnC rotarng tne emergency Con-
'O rangie CIOCKkWISE TC resel tne breawer 1O 1Its previous
setting returr the emergency CONtro nandie 10 the 0NgINai
o0SILoT s rec0™mmenges that a2 new $2a Do apohed to the
RE~3Jie wner s retyrneZ 1 the ngcmMal posIon 1 avod

1mas.entent goerald” ol the emergeniy CoNIC

O C

() Q

Emergency
Control
Handie

Fig. 13

9.5 Pressure Relief Device

Tne stangarc pressure reue! gevice locatec on the tank
adove the hguiC teve. religeves excessne intesna tans pres-
SUFE anc reseals a' & Iowe' pos.tive pressure The pressure
reile’ gevice 1S manaaliy operales Dy Qrasdingtne eng-can (of
nng ! proviged, anc sioway LLonng the cap awav trom tne
tank unt pressure 1s renevec

9.6 Thermometer

When supplieCc a thermometer ingicates the quid tempera-
ture near the 10D 0f the tank The temperature sensitive ete-
mentis mountecIin aieakproo! wel.. permiting remova: of tne
thermometer without Iowering the hiqusc levei The cevice 1S
turnished with an agditionat pointer rec n color. 1o show the
hignest temperature attainec since 13s° rese!

9.7 Liquid Level Gauge

When sypplied. a hquiC leve. gaupe 1c locateg ir the low
voilage comparimen: 10 indicate tne variaton tror the 25
degree C hqu'C leve.

9.8 Pressure-Vacuum Gauge

Whensuroliec apressure gauge 1siocatedr the tow voltage
companmen: asove the bush:ngsn the air space The gauge
ingicates whether the gcas space in the tank 1s unger positive
0" negative pressure

9.9 Nameplate

A nameplate 1s suppliec or each transformer accorcing to
ANS! stangarc C57 12 00-1957 Section £ 12 Refer 10 the
namepiate tortranstormer ratings anc "2 proper connecuons
0* the transtormer 1o the svstem N{ nternal conneZlions
should be made insige the transformer other thar those
shown on the nameplale

10.0 MAINTENANCE

A periodic visual inspechior of the transformer is recom-
menagec Atsuchtimes tnegenerz concition ofthetollowing
snouiC be noteC

High voitage bushings

Low vo'tage bushings

Arresters (I' proviged:

Enciosure integrity (hinges. 10CKING EroviSIONs. €arro-
stior etc)

Evigence of ol leaxage

Grounc connestigns

Accessores

Satet, labels

Transformer 1t

oo0Om>r

I "m

WARNING: WHEN B DKEN PARTS, LEAKING OIL OR
OTHER POTENTIALLY HAZARDOUS CONDITIONS
ARE OBSERVED. REMOVE THE TRANSFORMER FROM
SERVICE UNTIL REPAIRS CAN BE COMPLETED.
FAILURE TO DO SO CAN CAUSE SEVERE IN' RY,

DEATH OR PROPERTY DAMAGE.
b L - -

- em e -

Where tanks 10w evidence of rusting or geterio- . or ¢!
the finis= tnev ma, be cieanec ancthenretouchec with pamnt
avanable 107 tha: purpose Wnen bare metal 1S exposec a
crimer shou!C imtially be apphed then retouching paint
appiec




Fage 12

A period:I check 0'tne 1 0ac shou!l be mage to ensure that 11.0 REPAIR
M€ 1131810 mer 15 NQ! DEe NS SLDellel 10 exIessSive Overidad
Plannec overi5ading se0u!T De ir aIC0r3ance wilr tne ANS)
Loac.ng Guige (25T 9

hen aooinrg 0 1T thetranstormer the owner shouic lake
the nelessary precactons g tnat PCE contam:nation s not

roguced

It s the respons ol ty ¢! the owner 1o 1inspect manlam
3ar2 meeg the transtormer it SO00 regarr

Report al' tariures guning tnhe warranty pericc 1o vour ABR
Saies Othice Al warrartt, redairs must be magde by ABE oran
approvec service fali iy

To assure proper operauon use only ABB approvec

Wnenever rep'atemen' [£acts Or intormation rezarding rep.acement pans
ex:sung transiormers are reguired COMPLETE NANME-
PLATE gatainciucing KVArat~g STYLENUNBER SERIAL It1s recommenadec that the owner mit repars 1O repiacing
NUMBER anza DESCRIFTION o the par SN0uIC De given Lo broser parls uniess the owner has weli-trainec reparr
ABB persanne.

Some 1~terna’ paris car be replaces withou! compietely
draiming the tane (0 sucrh cases onty the Huic necessary Ic
exp0se the Dart shouic be drasnec There may also be oCla-
sions when comg.ete graiming of the transformer tank witi be
necessary

The core and con assembly can be repaireg or repiaced by
ABB personnel ateither the factory or atan authorized repair
fazinty Reter to Service Policv 46-315 for getans or contag:
tne ABE Power T&D Company inc

DISCLAIMER OF WARRANTIES
AND LIMITATION OF LIABILITY

THERE ARE NO UNDERSTANDINGS. AGREEMENTS, REPRESENTATIONS OR WARRANTIES. EXPRESS CR IMPLIED.
INCLUDING WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. OTHER THAN
THOSE SPECIFICALLY SET OUT BY “NY EXISTING CONTRACT BETWEEN THE PARTIES. ANY SUCH CONTRACT
STATES THE ENTIRE OBLIGATION OF SELLER. THE CONTENTS OF THIS DOCUMENT SHALL NOT BECOME PART
OF OR MODIFY ANY PRIOR OR EXISTING AGREEMENT. COMMITMENT OR RELATIONSHIP.

The information. recommendations, descriptions and satety notations in this document are bascd on ABB's experience
andjuagment withrespectiotranstormers. THISINFORMATION SHOULD NOTBE CONSIDERED TO BE ALLINCLUSIVE
OR COVERING ALL CONTINGENCIES.

NO WARRANTIES EXPRESS ORIMPLIED. INCLUDING WARRANTIES OF FITNESS FOR A PARTICULAR PURPOSE
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REGARDING THE INFORMATION. RECOMMENDATIONS. DESCRIPTIONS AND SAFETY NOTATIONS CONTAINED
HEREIN tnnoevent w:(l ABB beresponsibie to the user in contract. in tort (including negligence). strict hability or otherwise
for any special. indirect. incidental or consequential damage or loss whatsoever including but notIimited to damage to or loss
of use of equipment. ptant or power system. cos! of capital. loss of profits or revenues, cost of replacement power. additional
expenses in the use of enisting power facilities. or claims aqains! the user by its customers resulting trom the use of the
information, recommenaations. descriptions and safety notations contained herein.

ABB Power TAD Company Inc O nez m L ¢k
wungergrounc Drstroutor Tra~stormers C-56 TAB65 0N
Jettersor City M E2C: May. 1991
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DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGORIES

1 SHORE FACILITIES

1A Construction methods and materials (including corrosion
control, coatings)

18 Waterfront structures (maintenance/deterioration control)

1C Utilities (including power conditioning)

10 Explosives safety

1E Aviation Engineering Test Facilities

1F Fire prevention and control

1G Antenna technology

1H Structural analysis and design (including numerical and
computer techniques)

1J Protective construction (including hardened shelters, shock
and vibration studies)

1K Soilrock mechanics

1L Airfieids and pavements

1M Physical security

2 ADVANCED BASE AND AMPHIBIOUS FACILITIES

2A Base facilities (including shelters, power generation, water
supplies)

2B Expedient roads/airfields/bridges

2C Over-the-beach operations (including breakwaters, wave
forces)

2D POL storage, transfer, and distribution

2E Polar engineering

3 ENERGY/POWER GENERATION

3A Thermal conservation (thermal engineering of buildings,
HVAC systems, energy loss measurement, power
generation)

3B Controls and electrical conservation (electrical systems,
energy monitoring and control systems)

3C Fuel flexibility (liquid fueis, coal utilization, energy from solid
waste)

TYPES OF DOCUMENTS

3D Alternate energy source (geothermal power, photovoltaic
power systems, solar systems, wind systems, energy
storage systems)

3E Site data and systems integration (energy resource data,
integrating energy systems)

3F EMCS design

4 ENVIRONMENTAL PROTECTION

4A Solid waste management

48 Hazardousftoxic materials management

4C Waterwaste management and sanitai y engineering

4D OIll poliution removal and recovery

4E Alr poliution

4F Noise abatement

5 OCEAN ENGINEERING

SA Seafloor soils and founcations

5B Seafloor construction syste 7s «nd operations (inciuding
diver and manipulator tools)

5C Undersea structures and materials

5D Anchors and moorings

SE Undersea power systems, electromechanical cables, and
connectors

5F Pressure vessel facilities

5G Physical environment (including site surveying)

5H Ocean-based concrete structures

SJ Hyperbaric chambers

5K Undersea cable dynamics

ARMY FEAP

BDG Shore Facilities

NRG Energy

ENV Environmental/Natural Responses

MGT Management

PRR Pavements/Railroads

D = Techdata Sheets; R = Technical Reports and Technical Motes; G = NCEL Guides and Abstracts; | = Index to TDS: U = User

Guides; (J None - remove my narie

Old Address:

Telephone No.:

New Address:

Telephone No.:




INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. To help us verify
our records and update our data base, please do the following:

. Add - circle number on list
. Remove my name from ali your lists - check box on list.

. Change my address - line out incorrect line and write in correction
(DO NOT REMOVE LABEL).

) Number of copies should be entered after the title of the subject categories
you select.

. Are we sending you the comrect type of document? If nat, circle the type(s) of
document(s) you want to receive listed on the back of this card.

Fold on line, staple, and drop in mail.
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NCEL DOCUMENT EVALUATION

You are number one with us; how do we rate with you?

We at NCEL want to provide you our customer the best possible reports but we need your help. Therefore, | ask you
to please take the time from your busy schedule to fill out this questionnaire. Your response will assist us in providing
the best reports possible for our users. | wish to thank you in advance for your assistance. | assure you that the
information you provide will help us to be more responsive to your future needs.

Sl T

R. N. STORER, Ph.D, P.E.
Technical Director

DOCUMENT NO. TITLE OF DOCUMENT:
Date: Respondent Organization :
Name: Activity Code:
Phone: Grade/Rank:
Category (please check):

Sponsor _____ User Proponent _____ Other (Specify)

Please answer on your behalf only; not on your organization's. Please check (use an X) only the block that most closely
describes your attitude or feeling toward that statement:

SA Strongly Agree A Agree O Neutral D Disagree SD Strongly Disagree
SA ANDSD SAANDSD
1. The technical quality of the report () () () () ()]6. Theconclusionsand recommenda- () () () () ()
is comparable to most of my other tions are clear and directly sup-
sources of technical information. ported by the contents of the
report.
2. The report will make significant O0000
improvemeats in the cost and or 7. The graphics, tables, and photo- () OOy o))
performance of my operation. graphs are well done.
3. The report acknowledges related OO0 000
work accomplished by others. Do you wish to continue getting O .3
NCEL reports? YES NO
4. The report is well formatted. O000a0
, _ Please add any comments (e.g., in what ways can we
5. The report is clearly written. OO O O O | improve the quality of our reports?) on the back of this
form.




Comments:

Fold on line, staple, and drop in mail.
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